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INTRODUCTION 
Wo r l d  fos s i l f u e l  depl etion and the unp r ed ictabi l i ty 
o f  f o r e i g n s o u r c e s  ha v e  i n c r e a s e d  t h e  d e s i r ea b i l i ty o f  
ene r g y  i n d ep e n d e n c e i n  t he Un i t e d S ta t e s .  R i s i n g  f u e l  
p r i c e s  a f f ec t  e v e ry s egme n t  o f  t h e  e c o n omy . Ag r i c u l t u r e  
c on s ume s 6 n l y  2 . 5  p e r c en t  o f  t he t o t a l n a t i on a l en e r g y 
c on s um p t i o n ,  b u t  a n  un i n t e r r up t e d  s upp l y  o f  i n e x p en s i v e  
fue1 i s  v ita l t o  the s ucces s o f  th i s  impo r tant ind u s t ry. 
So l a r  en e r g y , b ec a u s e  i t  i s  o n e  o f  t he o n l y  en e r gy 
i n c om e s  of t h e  ea r t h ,  h� l d s  g r ea t  p r om i s e  as a f u t u r e  
ene rgy sou rce.  Fo r so l a r  ene rgy t o  become w ide l y  adopted 
as a s o u r c e  o f  a l t e r na t e  en e r gy , s o l a r  s y s t em s  m u s t  b e  
de v e l o p e d  t h a t  a r e  b o t h  t e c hn i c a l l y a n d  e c o n om i c a l l y 
f ea s i b l e . C u r r en t l y  a n e e d  e x i s t s  f o r  a r a t i o na l a n d  
re l at i v e l y  s imp l e met hod of  integ rat ing pe r f o rmance and 
r e l i a b i l i ty f a c t o r s , c l i ma t i c c o nd i t i o n s ,  a n d  e c o n om i c  
p r oj ec t i o n s  t o  e v a l u a t e s o l a r  sy s t em s  f o r s p e c i f i c  
app l icat ions.  Al though so l a r  inso l at ion i t se l f i s  f r ee , 
t he r e  a r e  o f t en l a r g e  c a p i t a l c o s t s  a s s o c i a t e d w i t h i t s  
c o l l e c t i o n .  B e c a u s e  o f  t h e s e  h i g h  c a p i t a l c o s t s ,  a n d  
b ec a u s e  s a v i n g s  f r om t he s y s t em a r e  s p r e a d  o v e r  s e v e r a l  
yea r s ,  i t  i s  impo r tant to ana l yze t he econom i c  feas i b i l i ty 
bef o r e  i n v e s t ing in a so l a r  sys tem. Econom i c  ana l ys i s of  
any s o l a r  sy s t em i s  d ep en d e n t  o n  the s y s t em d e s i g n and i t s  
a pp l i c a t i o n .  C o s t  a n d  pe r f o rma n c e  r e l a t i o n s h i p s mu s t  b e  
d e v e l o p e d  f o r  e a c h  sy s t em ,  i n t en d e d  a pp l i c a t i o n , a n d  
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geog raphi c  l ocat ion.  
R e s e a r c h  i n  t h e S o u t h  D a k o t a S t a t e  U n i v e r s i t y 
Ag r ic u l tu ra l Eng inee r ing Depa r tment ha s l ed t o  de v e l o pmen t 
o f  t h e  S o l a r  E n e r gy I n t en s i f i e r-Th e rma l E n e r g y  S t o r a g e  
( S E I -TE S )  Sy s t em .  T h e  S E I -T E S  sy s t em c a n  b e  c on s t r uc t e d  
o n  t h e  f a rm u s i n g  c ommo n l y  a v a i l a b l e  ma t e r i a l s ,  b u t  t o  
a c h i e v e  s i g n i f i c a n t  ma r k e t  pen e t r a t i on i t  m u s t  b e  made 
c omme r c i a l l y  a v a i l a b l e . An a c c u r a t e  c o s t  e s t i ma t e  o f  a 
c omme r c i a l l y  a v a i l ab l e s y s t em r eq u i r e s  a n a l y s i s  o f  
ma t e r i a l s  a n d  me t ho d s  o f  p r o d uc t i o n .  Th i s  c o s t  mu s t  b e  
c ompa r e d  w i t h  e c o nom i c  sa v i n g s  t h e  f a r m e r d e r i v e s  f r om 
u s i n g  t h e  S E I - T E S  s y s t e m t o  d e t e r m i n e  e c o n o m i c  
feas ibi l i ty .  
The g o a l o f  t h i s. r e s e a r c h  wa s t o  i n v e s t i g a t e t h e  
e c o n om i c f e a s i b i  1 i t y  o f  a c omme r c i a l l y  p r o d uc ed S E I -TE S 
s y s t em f o r e a s t e r n  S o u t h  D a k o t a f a rm s .  R e s e a r c h  wa s 
conducted w i t h  the fo l l owing spec i f ic obj ec t i v e s : 
1 )  D e t e rm i n e  t h e  c o s t s  o f  p r o d u c i n g  t he SE I - T E S  
sys tem, and e s t imate i t s  necessa ry reta i l s e l l ing pr ice.  
2) A s s e s s  t h e  e c o n o m i c  f e a s i b i l i t y of  u s i ng the 




The s un s h i n e  t ha t  fa l l s  e a c h  y e a r o n  u . s .  r o a d s  
a l on e  c o n ta i n s  tw i c e  a s  mu c h  en e r g y  a s  d o e s  t he f o s s i l  
f ue l  u s ed ann u a l l y by t he en t i r e  w o r l d  ( H a ye s , 1 9 7 7 ) . 
Un f o r t un a t e l y, t h i s en e r g y  i s  c ha r a c t e r i z ed by " i mmen s e  
quan t i ty, uni v e r sa l  ava i l ab i l i ty ,  v e ry l ow concen t rat ion,  
a n d  e x t r e m e  v a r i a b i l i t y " , ( L o f ,  1 9 6 0 ) . O f  t h e 
a pp r o x ima t e l y  1 3 5 3  W/m 2  o f  s o l a r  en e r g y  a r r i v i n g  a t  the 
e a r t h s  a t m o s p h e r e  ( L i s t ,  1 9 6 6 ) , o n l y  a f r a c t i o n  i s  
ava i l ab l e  fo r co l l ec t ion , depend i ng upon the t ime of  day , 
t ime o f  y e a r ,  w e a t he r c o nd i t i on s , s i t e  l a t i t ud e , and 
c o l l ec to r  t i l t  ang l e  ( MWPS ,  1 9 8 0 ) . The c ha rac t e r i s ti c s  of 
l ow c on c e n t r a t i on a nd e x t r eme v a r i a b i l i t y  a r e t h e  ma j o r  
impedimen t s  to w i de s pread use of so l a r  ene rgy as an ene rgy 
s o u r c e .  To o v e r c om e  t h e s e  imped i me n t s , s c i e n t i s t s  are 
cont inua l l y  st r i v ing to des i gn bette r method s to co l l ect 
and t rans f o rm thi s l ow qua l i ty ene rgy into a mo r e  useab l e 
fo rm . 
Flat Plate ,C,Ql.lectors 
3 
K r e i t h  a n d  K r e i d e r ( 1 9 7 8 )  s t a t e d  t h a t  t o  c on v e r t  
so l a r  rad i a t i on into use f u l  heat ene rgy , a s u r face mu s t  be 
used to abso r b  a po rt ion of  the r ad ia t ion and t rans f e r  it 
to t he wo r k i n g  f l u i d .  Ac c o r d i n g  to D u f f i e  and B e c kma n  
( 1 9 8 0 ) , t h e c r i t i c a l c o mp o n e n t s  o f  t h e f l a t  p l a t e  
c o l l ec t o r a r e  t h e c o v e r  g l a z i n g  a n d  t h e  a b s o r b e r ,  s i n c e  
t h e  t ra n sm i t t a n c e o f  t he c o v e r  and t h e a b s o r b t i v i ty and 
em i s s i v i ty o f  t he a b s o r b e r  d e t e rm i n e  how m u c h of t h e  
i n c i d e n t  r ad i a t i o n  w i l l  a c t u a l l y b e  a v a i l a b l e  t o  t h e  
t r a n s f e r f l u i d .  K l i n e  ( 1 9 8 0 )  t e s t e d v a r i o u s  c o v e r  
ma t e r i a l s  a n d  a b s o r b e r p l a t e  c on f i g u r a t i o n s .  H e  f o und 
t ha t  g l a s s  w a s s up e r i o r  t o  s e v e r a l  d i f f e r en t  t yp e s  o f  
f i b e r g l a s s  b e c a u s e  o f  i t s g r e a t e r  t r a n sm i s s i v i ty .  The 
same s t udy s howed tha t  a i r f l ow pe rpend i c u l a r  to a v-shaped 
c o r r ug a t ed m e t a l p l a t e  p r o d u c ed h i g h e r e f f i c i e nc i e s  o n  
s ing l e  pas s  co l l ecto r s .  Howeve r ,  co r rugated meta l p l at e s  
w i t h d o ub l e- pa s s a i r f l ow g a v e  t h e  h i g h e s t  e f f i c i en c i e s .  
Abs o rbe r pl ates can b e  coated w i t h  a f l a t  b l ac k  se l ec t i v e  
s u r face ( So l a r  Age Cata l og ,  1 9 7 7 ) , fo r h i g h  abs o rbt i v ity 
in the s ho r t  wav e l ength rang e ,  and fo r l ow emi s s i v i ty in 
the l ong wav e l engt h  range. 
K r e i t h  and K r e i d e r  ( 1 9 7 8 )  l i s t  t he a d v a n t a g e s  o f  
a i r -t y p e  c o l l e c t o r s  a s : 1 )  n o  f r e e z i ng p r o b l em s ,  2 )  
l i t t l e  i n t e r n a l c o r r o s i o n ,  3) l e a k s h a v e l e s s  s e r i o u s  
consequences , and 4 )  no heat exchang e r · i s  needed be tween 
c o l l e c t o r ,  s t o r ag e ,  and b u i l d i n g .  I n  o r d e r t o  ach i e v e  
ma ximum hea t  t ran sfe r ,  K reith and K r e i d e r  ( 1 9 7 8 )  recommend 
t u r b u l en t  f l ow c on d i t i on s , and t he l a r g e s t  p o s s i b l e  
su r face-to-a i r  contact a rea. These can be accomp l i shed by 
u s i n g a d o ub l e  p a s s  s y s t em ,  w i t h  t h e  wa rme s t  a i r  f l ow i n g  
behind t he p l at e  t o  minimi z e  heat l os s  ( Ba s s et t ,  1 9 8 3 ) . 
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u s ed t o  i n c r e a s e  t h e  e f f e c t i v e  r ec e i v i n g  a r ea w h i l e  
-------------------------------- --
dec reas ing the tota l co s t  pe r un i t  a rea. One d i sadvantage 
of s ola r c o n c en t r a t o r s  a c c o r d i n g  to K r e i t h a n d  K r eid e r 
(1978) i s  that on l y  a sma l l  po r t i on o f  the d i f f u s e  ene rgy 
i n c i d en t  u p o n  t hem can be e f f e c t i v e l y  r e t u r n e d  t o  t h e  
r e c e i v e r  s u r f ace .  H e b e r  (1979) t e s t e d  a p a r a b o l i c 
c on c en t r a t o r f i t t e d  w i t h  a d i u r na l t r a c k i n g  me c h an i sm.  
Added c o s t s  of  the t rack ing system we r e  not economica l ly 
att ract i v e  as compa r ed to a manua l syst em which cou l d  be 
adj usted week l y. A w ide range of  ref l ect i v e  mat e r ia l s  a r e  
avai l ab l e  fo r use w i th concent rating co l l ec t o r s  ( So l a r  Age 
C a t  a 1 o g ,  19 7 7 ) • Two typ e s  o f  rna t e r i a 1 s , a r e f  1 e c t o r i z ed 
po l yv ina l f i lm,  and po l i shed a l uminum sheet , w e re t ested 
b y  B a s s e t t  (198 3) , and t h e  po l i s he d  a l um i n um s h e e t  wa s 
found t o  be the mo s t  p rom i s ing.  
T h e  u s e  o f  s o l a r  e n e r g y  w i l l  d e p e n d  on t h e  
ava i l abi l i ty o f  suppl ementa ry ene r gy so u rc e s  and method s 
o f  ene rgy sto rage (Hebe r ,  1979) . Acco rding t o  K r e i t h  and 
K r e i d e r  (1978) , t h e  add i t i ona l c o s t  a nd c o mp l e x i ty o f  
t h e rma l s t o r a g e  i s  n e c e s s a r y t� a c t  a s  a c a pa c i t o r i n  
r ed u c i n g  f l uc t u a t i o n s  i n  a v a i l a b l e  en e r gy .  Ro c k  and 
5 
-------­
g r a v e l a r e  g o o d  c ho i c e s o f  s t o r a g e  ma t e r i a l  b e c a u s e  o f  r---_ ---- --------- --
s imp l i c i ty ,  r e l iabi l i ty ,  and l ow ma intenence ,  and because 
t he n e e d  f o r  a h e a t  e xc hang e r  is e l i m i n a t e d .  K r e i t h  and 
K r e i d e r (1978) a l s o s u g g e s t ed p l a c i n g  t h e  s t o r a g e  un i t  
b e l ow g r o un d  o r  i n  t he b u i l d i n g  t o  r e d u c e t empe r a t u r e  
d i f f e r ences between the sto rage and i t s  s u r r o unding s.  
The mo s t  i mpo r t a n t  e l emen t i n  a s u c c e s s f u l  s o l a r 
s t r a t a g y  i s  t h e  t he rmo dynam i c  ma t c h i n g  o f  a pp r o p r i a t e  
ene r g y  s o u r c e s  w i t h  c ompa t i b l e  u s e s .  T h e  q ua l i t y o f  
en e r g y  s o ug h t  f r om t h e  s un a n d  t h e  c o s t s  o f  c o l l e c t i n g , 
c o n v e r t i n g  a n d  s t o r i n g  tha t e n e r g y  c o r r e l a t e  d i r ec t l y ;  
t he r e f o r e ,  s o u r c e s  a n d  u s e s  mu s t  b e  c a r e f u l l y  ma t c h e d  
( H a ye s , 1977) . 
Solar Energy � Agriculture 
H e l l i c k s o n , e t . a l .  ( 1 981 ) l i s t e d  s e v e r a l  
c i rcumstances wh ich mak e  so l a r  ene rgy pa r t i cu l a r l y  we l l  
s u i t ed f o r t h e  ag r i c u l t u r a l i n d u s t ry .  T h e  f o u r  mo s t  
im�o rtant o f  the s e  c i rcumstances we re : 
1) Adequate l and a rea. 
2 )  N um e r o u s  p r o c e s s e s  r eq u i r i n g  l ow t empe r a t u r e  
r i se . 
3) Compa t ib i l i ty between l ow t empe r a t u r e  r i s e  and 
h i g h  s o l a r  s y s t e m e f f i c i e n c y  r e s u l t i n g i n  l o w e r 
co st , and 
4 )  A v a i l a b i l i t y o f  t h e n e c e s s a r y  
e q u i p m e n t a s  p a  t o f  e x i s t i n g  c r o p  
l i vestock v ent i l a t i on systems. 
a i r  m o v i n g  
d r y i n g  a n d  
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B e s i d e s  t h e s e  f a v o r a b l e  c h a r a c t e r i s t i c s ,  t h e 
N a t i o n a l S o l a r  En e r gy Po l i c y  ( 9 6 t h C o n g r e s s , 1 9 7 9 a )  
r ep o r t e d  t ha t  f a rme r s  t e nd t o  b e  sk i l l e d a t  ma i n t a i n i n g  
equ ipmen t a n d  w i l l i n g  t o  ma k e  c ap i t a l i n v e s tm e n t s  t ha t  
w i l l  s a v e  t h e m  m o n e y  i n  t h e l o n g  r u n a n d t h a t  t h e  
A g r i c u l t u r a l  E x t e n s i o n s e r v i c e  c o u l d  b e  u s e d  t o  
ef fect i v e l y  d i s s eminate v i ta � inf o rma t i on. Desp i t e  these 
opt im i s t i c  out l ook s ,  Heid ( 1 9 8 0 )  s tates t ha t  t he n eed fo r 
b a c k up e q u i pm e nt and en e r gy s o u r c e s , t h e  p r o b ab i l i ty o f  
c o l l e c t o r o b s o l e s c e n c e  b e f o r e  i t s  u s e f u l  l i f e  i s  
c omp l e t e d , a nd t h e  r e s i s ta n c e  o f  f a r m e r s  t o  c h a n g e  may 
r es t r i c t  s o l a r  techno l ogy fo r ag r ic u l t u r e. 
E n e r g y  u s e d i n  U n i t e d  S t a t e s  a g r i c u l t u r e  w a s 
e s t i ma t e d  t o  b e  a b o u t  2 q u a d s  i n  1 9 8 0 ,  o r  n e a r l y  2 . 5  
p e r c e n t  o f  u . s .  e n e r g y  c o n s ump t i o n  ( H e i d  a n d  T r o t t e r ,  
1 9 8 2 ) . A pp r o x ima t e l y  tw o - t h i rd s  o f  t h i s amo u n t  w a s  u s ed 
o n  t h e  f a rm i n  t h e  f o rm o f  d i e s e l , g a s o l i n e ,  a n d  l i qu i d  
pet ro l eum g a s. C rop d ry i ng and l i v e stock v en t i l a t ion a i r  
h e a t i n g a r e  m a j o r  u s e r s  o f  e l e c t r i c i t y a n d  L i q u i d 
P e t r o l e um ( L P) g a s , two type s o f  e n e r g y  f o r w h i c h  d i r e s t  
t h e r m a l s o l a r  e n e r gy ma y b e  s u b s t i t u t e d .  O t h e r 
ag r i c u l tu ra l app l ica t ions requ i r ing the rma l  ene rgy up to a 
ma x im um o f  3 8  d e g r e e s  Ce l s i u s t emp e r a t u r e  r i s e  i n c l ud e : 
g en e r a l s pa c e he a t i n g , h o t  wa t e r  h e a t i n g , g r e e n ho u s e  
hea t i n g , p r o c e s s i n g , a n d  i r r i g a t i o n ( B a s s e t t ,  1 9 8 3 ) . 
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K r e i t h a n d  K r e i d e r  ( 1 9 7 8 )  ad v o c a t ed ma t c h i n g  e n e r gy 
sources to task s  on the bas i s  of ent ropy.  Space hea t i ng , 
w a t e r  he a t i n g , a n d  c r o p  d r y i n g  a t  l ow t em p e r a t u r e s  w e r e  
h i g h  en t r o py t a sk s  wh i c h  w e r e  mo s t  e f f e c t i v e l y  ma t c hed 
w i th l ow tempe ratu r e ,  h ig h  ent ropy so l a r  ene rgy p r o v ided 
by f l at p l ate s o l a r  c o l l ecto r s .  
Grain Drying 
G r a i n d r y i n g a c c o un t s  fo r 3.5 p e r c e n t  o f  t he t o t a l 
ene r gy u s e  i n  ag r i c u l t u re .  Reduc ing t h e  mo i s t u r e  content 
of 1 0 0  b u s he l s of c o r n  f r om 25 to 1 5  p e r c e n t  mo i s t u r e  i n  
high speed d rye r s  can cons ume 7 5  l i te r s  o f  p ropane , often 
mo r e  en e r g y  t han w a s  r eq u i r ed to t i l l ,  c u l t i v a t e ,  a n d  
ha r v e s t  t he g ra i n  (Haye s ,  1 9 7 7 ) . The MWPS ( 1 9 8 0 )  s tates 
t ha t  fa r m e r s  can r e d u c e  t he i r  f u e l  u s a g e  b y  d r y i n g  g r a i n 
o v e r  a l onge r t ime pe r i od us ing natu ra l a i r d rying.  So l a r  
g r a i n d r y i ng c an s pe ed u p  n a t u r a l a i r d r y i ng ,  b u t  i t  i s  
s ti l l  much s l owe r than h i g h  tempe rat u r e  d ry i ng methods .  
M any r e s e a r c he r s  ha v e  i n v e s t i g a t ed t h e t e c hn i c a l 
f e a s i b i l i ty o f  s o l a r  g r a i n  d r y i n g .  H a n s en a n d  Sm i t h 
( 1 9 7 7 )  d emo n s t r a t ed t ha t  g r a i n  mo i s t u r e c o n t ent c a n  b e  
r ed u c ed t o  s a f e  s t o r a g e  l e v e l s w i t ho u t  s po i l a g e  u s i n g  a 
f l at p l ate c o l l ecto r .  Except fo r v e ry i n expen s i v e l y  b ui l t  
co l l ec to r s ,  so l a r  g ra in d rying a l one was genera l l y found 
to be uneconomica l due t o  the r e l a ti v e l y  s ho r t  pe r iod of 
the yea r du r ing which the equipment can be ope rated .  
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Livestock Ventilation � Heating 
Ac c o r d i n g  t o  T r o t t e r ,  e t. a l. ( 1 9 7 9 ) , s o l a r  he a t i ng 
f o r  l i v es tock has been concent rated in t h r e e  ma j o r  a reas : 
p o u l t ry b r o o d i ng , sw i ne fa r r ow i n g , a n d  d a i ry b a r n  s pac e 
h ea t i n g. O f  t h e s e u s e s , p o u l t r y  b r o od i n g  r eq u i r e s  t he 
m o s t  e n e r g y  b e c a u s e  o f  t h e s i g n i f i c a n t l y  h i g h e r  
venti l a t i on rates r equi r ed. 
C u r r e n t l y  t h e r e  a r e  o v e r  9 0  s o l a r  d emo n s t r a t i on 
l i v e s to c k  f a r m  p r o j e c t s  i n  t h e  Un i t ed S t a t e s , e a c h o f  
w h i c h i n c o r p o r a t e s  v a r io u s c omb i n a t i o n s  o f  d e s i g n s  a n d  
u s e s  ( H e i d  a n d  T r o t t e r ,  1 9 8 2 ) . Abo u t o n e ha l f  o f  t he s e  
proj ect s  i n v o l v e so l a r  heated swine fac i l i t i e s ,  i nd icating 
t ha t  s o l a r  e n e r g y  may b e  a n  ap p r o p r i a t e  a nd e c o n om i c a l 
t ec h n o l o g y  f o r  f a r r ow in g  a n d  n u r s e ry b u i l d i n g s. D u e  t o  
t he l on g e r u s a g e p e r i o d s  o f  t h e s e  f a c i l i t i e s , c omp a r ed 
with g ra in d rying , i t  i s  often feas ib l e  t o  i nco rp o rate the 
c o l l ec to r  i n t o  t h e  b u i l d i n g  w i t ho u t  p r o v i s i o n s  fo r 
mu l t ip l e  u s e s  s u c h  a s  i n  t he c a s e  o f  t he K a n s a s  S t a t e 
Un i v e r s i ty s o l a r  wa l l  (Wi l l i am s , e t. a l. ,  1 9 8 3 ) . The s e  
s ing l e-pu rpos e  co l l ec to r s  hav e  s hown 6 t o  1 0  yea r payback 
p e r i o d s , b u t. t h e i r  m a t e r i a l  c o s t s  a r e  d i f f i c u l t  t o  
s epa r a t e  f r om b u i l d i n g  c o s t s. I n  a n  I l l i n o i s  s t udy 
( H o ug ht o n , 1 9. 8 0 ) , f l a t p l a t e  c o l l ec t o r s l o c a t e d  o n  t he 
bui l d i ng ' s  roof prov ided both ven t i l a t ion a i r  hea t ing and 
hot wat e r ,  pay ing back the i n i t ia l inv e s tmen t in l e s s  than 
5 y e a r s . 
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Water Heating 
E n e r g y  u s ed f o r wa t e r  hea t i ng i s  a s i g n i f i c a n t  
pe r c e n t a g e  o f  t h e  t o t a l en e r g y  u s e d o n  fa r m s . S t ip a n uk 
an d K o e l s c h  ( 1 9 7 9 )  e s t ima t ed t h a t  1 6  p e r c en t  o f  a d a i r y  
fa rm ' s  pu r c ha sed ene rgy was used fo r wat e r  heat ing.  A 1 0 0  
c ow d a i r y  may h a v e  a n  ann u a l e l ec t r i c  b i l l  f o r  wa t e r 
he a t i n g  a l o n e  i n  e xc e s s  o f  $ 1 0 0 0 .  O n  s unny day s ,  a 
typ i ca l s o l a r  un i t  i s  capab l e  o f  rai s ing wat e r  t empe rat u r e  
t o  6 0  d e g r e e s  C e l s i u s ( H e i d  and Wi l l i am s , 1 9 8 2 ) . O v e r  a 
f u l l y e a r ,  a p r o pe r l y  s i z ed s o l a r  c o l l e c t o r c a n  b e  
e xp ec t e d  t o  p r o v i d e  a b o u t  5 0  p e r c e n t  o f  a d a i r y ' s  h o t  
wate r r equi r emen t s .  
O f  t he s e  t h r e e mo s t  w i d e l y  i n v e s t i g a t ed u s e s  o f  
so l a r  ene rgy f o r  ag r i c u l t u r e , on l y  wat e r  heat ing has the 
po t en t i a l f o r  y e a r - r o und u s e ;  howe v e r ,  d u e  t o  l o s s e s i n  
the heat exchange r ,  i t  i s  the l ea s t  eff i c i en t .  Because o f  
f r e e z i n g  a n d  l o s s  o f  e f f i c i e n c y  p r o b l em s , w a t e r hea t i ng 
d u r i n g  w i n t e r mon t h s  is  n o t p r a c t i c a l  i n  S o u t h  Dak o t a .  
G r a i n d r y i n g i s  t h e s imp l i s t ,  a n d  u t i l i z e s  t h e  i nc om i n g  
ene rgy t he mo st e f f i c ient l y ,  b u t  can on l y  b e  u s ed fo r one 
to two mo n t h s .  V e n ti l a t i o n  a i r  he a t i n g  f o r l i v e s t o ck 
b u i l d i n g s  i s  s u i t a b l e  f o r 4 t o  6 m o n t h s  o f  a n n u a l 
ope rat ion , du r ing the winte r .  
Multi-use Solar Systems 
H e l l i ckson ( 1 9 8 0 )  adv ocated the d e s i g n  o f  mu l t i-use 
1 0  
c o l l ec t o r s  i n  o r d e r t o  i n c r e a s e t h e  i n - u s e t im e  of a 
c o l l e c t o r ,  w h i c h  r e d u c ed f i x e d  c o s t  p e r  u n i t  en e rgy 
o ut p u t .  T h e  c o l l e c t o r wa s d e s i g n ed f o r mo u n t i ng a t  
v a r i o u s  l o c a t i o n s  d epen d i n g o n  i t s  i n t e n d ed u s e .  G r a i n  
d r y i n g , b ec a u s e  i t  i s  mo s t  e f f i c i en t  , t ak e s p r e c ede n c e  
ove r o th e r  c o l l ec t o r uses d u r ing the s eason when i t  can be 
u s e d .  D u r i n g  w i n t e r mon t hs , t h e  c o l l e c t o r  i s  u s e d  w i t h  
r o ck s to r a g e  t o  h e a t  v en t i l a t i o n a i r . T h e  c o l l e c t o r i s  
c on v e r t e d t o  wa t e r he a t i ng w h e n  i t  i s  n o t  b e i ng u s ed f o r 
g r a i n  d ry i n g o r  v e n t i l a t i on a i r  h e a t i n g  d u r i n g  s e a s o n s 
when f r e e z ing i s  no t a p rob l em. 
Res ea r che r s  at the Un i ve r s i ty of I l l in o i s  hav e  
a l s o d e s i g n e d  a m u l t i p l e - u s e  po r t a b l e  s o l a r  c o l l ec t o r .  
The 2 2  s q ua r e  me t e r  c o l l ec t o r i s  d e s ig n e d  a t  a 6 0  d eg r ee 
s l ope , and is  intended p r ima r i l y  fo r hea t ing a i r for  c rop 
d ry i n g , b u t  c an be u s ed f o r  p r e h e a t i n g  a i r  f o r l i v e s t o c k  
v e n t i l a t i o n o r  f o r h e a t i n g  a f a r m  s h o p .  T h e  b a s i c  
c o l l e c t o r ,  e x c l u d i ng d u c t s ,  f an , a n d  sk i d s ,  c o u l d  b e  
con s t r uc ted fo r $ 1 , 0 4 5  ( 1 9 7 9  do l l a r s ) , (He id and T rotte r ,  
1 9 8 2 ) . 
Anothe r mu l t ipl e use c o l l ecto r used in Neb raska 
wa s mounted on whee l s  and was s ucc e s s f u l l y u sed fo r g r a i n  
d ry i ng a n d  heat ing t h e  fa rm home (He id ,  1 9 8 1 ) . 
SEI-TES System Design 
Ag r i c u l t u r a l  e ng i n e e r s  a t  S o u t h  D ak o t a  S t a t e  
Un i v e r s i ty wo rk e d  f o r  6 y e a r s  t o  d e v e l o p a m u l t i p l e  u s e  
1 1  
1 2  
s o l a r  e n e r g y  c o l l ec to r  f o r a g r i c u l t u r a l  a pp l i c a t i o n s  
typica l o f  t ho s e  found in the no rth cen t r a l Un i t ed States.  
The SEI -TE S sys t em can d ry g ra in ,  heat v en t i l a t i on a i r fo r 
l i v e s tock b u i l d in g s ,  and heat wat e r .  
The S E I -T E S  s y s t em i s  a po r t ab l e  s y s t em c o n s i s t i n g  
of  t rape z o ida l l y-shaped dua l -s ided co l l ec t o r  modu l e s and 
It 
pa r ab o l i c r e f l e ct'o r m o d u l e s. E a c h  s i d e  o f  t he . 7 6  me t e r  
!-
h i g h  c o l l e c t o r,.c on s i s t e d  o f  a f l a t b l a c k ,  p a i n t ed s h e e t  
m e t a l a b s o r b e r p l a t e ,  a l ow i r on g l a s s  c o v e r ,  a n d  a 1. 2 7  
e m  t h i c k  _p�l yw o o d b a ck ( f i g u r e  1 )  • The a i r f 1 ow i n  t he 6 0 
d e g r e e  t i l t e d c o l l e c t o r  e n t e r s  a t  t h e  t o p  � f t h e 
c o l l e c t o r ,  f l ow s  b e tw e en t h e  g l a s s  an d t h e  p l a t e ,  t hen 
t u r n s  1 8 0  d e g r e e s , t o  r e t u r n , p i c k i n g up t h e r ma l en e r gy 
f r om the bac k s ide o f  the p l ate a l so ( f i g u r e  2 ). 
The pa r abo l ic ref l ecto r used in the S E I -TES system 
i s  l o c a t ed 3 m e t e r s  n o r t h  o f  t he c o l l e c t o r. I t  s t and s 
3.05 m et e r s  h i g h  a n d  ha s a s t e e l r od f r a m e , o v e r  wh i c h  
po l i s hed a l uminum sheets a re s t retc hed. 
- Co l l e c t o r  mo d u l e s c a n  b e  mo u n t e d  o n  a v a r i e t y  o f  
bas e s , d epending o n  the proposed u s e. Fo r g r a in d ry ing , a 
f l a t  ins u l a t ed p l ywood bas e  i s  used , w i t h  an und e r g round 
d u c t  to c a r r y h e a t e d a i r  to t h e  g r a i n b i n .  A . 6 1  me t e r 
h i g h  x 1. 2 2  m e t e r  w i d e  x 4 . 8 8  m e t e r  l on g  i n s u l a t e d w o o d e n  
b o x  f o r m s  t h e  b a s e  f o r  l i v e s t o ck h o u s e  h e a t i n g .  The t o p  
o f  t h i s b o x  i s  p l a c e d  l e v e l  w i t h  t he g r o u n d , a n d  f i l l e d 
� 



































Figure 2. Cro ss-section of the SEI-TES collector used for 
ventilation air heating. 
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w i t h  a l ay e r o f  b u i l d i n g  b l o c k s  c o v e r e d w i t h  r o c k s  
a v e r a g i n g  1 5  em i n  d i ame t e r. The r o c k s  a r e u s ed t o  s t o r e  
en e r gy f r o m  t h e  c o l l ec t o r  d u r i n g  t h e  d a y , a n d  r e l e a s e  
e n e r gy t o  t h e  v e n t i l a t i o n  a i r  d u r i n g  t h e  n i g h t. Amb i e n t  
a i r  f l ow s  f r o m  t h e  t o p  o f  t h e  c o l l e c t o r ,  t h r o u g h  t h e 
r o c k s ,  a n d  i n to an und e r g r o un d  d u c t  t o  t h e  l i v e s t o c k  
fac i l i ty. 
A r e c i r c u l a t i n g  a i r  s y s t em i s  u s e d f o r w a t e r 
Thi s  r equ i r e s  that the co l l ecto r top be l owe r ed 
unt i l i t  i s  f l us h  wi th the g l a s s  to sea l o f f  any a i r  f rom 
t h e  o u t s i d e. H o l e s a r e d r i l l ed i n  t h e  p l yw o o d  b a c k , and� 
ho r i z o n t a l p a� t i t i o n  i s  p l a c ed d o wn t h e  i n s i d e  o f  t h e  
c o l l ec t o r  s o  t ha t  a i r  c a n  b e  r e c i r c u l a t e d. An a i r  t o  
wa t e r  h e a t  e x c h an g e r a n d  f an a r e i n c l u d ed a t  o n e  en d o f  
t h e  c o l l e c t o r. H e a t e d  w a t e r  mo v e s  b y  t h e t h e r mo s i phon 
p r inc i p l e t h r ou g h  in s u l ated pipes t o  an e l e vated storage 
tank ( f i g u r e  3 ) . 
SEI-TES System Performance 
1 5  
P e r f o rman c e c ha r a c t e r i s t i c s  ha v e  b e e n d o c umen t ed 
thr ough exten s i v e  t e s t ing and system r e f inement s  have been 
ma d e  ( H e l l i c k s o n , e t. a l . ,  1 9 8 1 ,  a n d  V a n  Z w e d e n , 1 9 8 2 ) . 
Po l ak ( 1 9 8 1 )  used heat t ransfe r p r inc ip l e s  t o  mode l the 
d ry i n g  c o l l ect o r p e r f o rman c e  b a s e d  on i n c om i n g  so l a r  
rad ia t i on and o u t s ide t empe rat u r e� Stat i s t i ca l  ana l ys i s  
revea l ed tha t  the ene rgy co l l ected cou l d  a l s o be p r edicted 
w i t h a c o o r e l a t i o n  c o e f f i c i en t  o f  . 8 2  b y  t h e  r e g r e s s i o n 
Collector 
Figure 3. SEI-T�s system outfitted for water heating, 
-Water Tank 
Air-to Water Heat Exchanger 
� 0'1 
equat i on : 
whe r e : 
EC = -0. 8 83 + 0.5 84 * I 
EC = En e rgy c o l l ect ed , kW 
I = D i r ec t  no rmal i n s ol a t i on , kW 
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Sim i l a r  l inea r equa t ions we r e  de v e l o pe d  f rom 
s ub s eq u e n t  t e s t s  by V a n  z w e d e n  ( 1 9 82 ) , i n  w h i c h  s o l a r  
r a d i a t i on w a s m e a s u r e d  d i r ec t l y  a t  t h e  c o l l ec t o r a n d  
h i g h e r  a i r f l ows we r e  used. The mod e l  was a l so r ef ined to 
c o n s i d e r t h e  t i m e  o f  t h e  d a y . Compa r i s o n  b e tw e en t h e 
g r a i n  d ry ing data and mod e l p r ed i c t io n� showed l es s  than 
2. 8 pe rcent d e v i at i on in hou r l y  ene rgy c o l l ec t ed .  
A r o c k  s t o r a g e mo d e l w a s  d e v e l o p e d  a t  S o u t h  D a k o t a 
State Un i v e rs i ty to p r ed i c t  ho u r l y  o utput a i r  t empe ratu r e s  
u n d e r  c o n s t a n t  a i r f l o w c o n d i t i o n s , u s i n g  o u t s i d e 
t em p e r a t u r e s  a n d  a i r t em p e r a t u r e  g o i n g  i nt o  t he r o ck 
s to rage (He l l idk son , 1 9 8 0 ). P r ed ic t ed output t empe r a tu r es 
w e r e  c omp a r e d  t o  a c t u a l v a l u e s  a n d  s ho w e d  e xc e l l e n t  
a g r e em e n t  i n  p r e d i c t i n g  t h e  t h e rma l l a g e f f e c t  a n d  t h e  
actua l o utp u t  t empe ratu r e s .  
Van Zweden {1 9 82 )  comb i ned the c o l l ec t o r  mode l wi t h  
t he r o ck s t o r a g e  mo d e l t o  d e v e l o p a m od e l o f  t h e  S E I -T E S  
syst em ,  und e r v a rying a i r f l ow cond i t i o n s .  Compa r in g  the 
s imu l at ed s y s t em o utput t o  actual dat a  r epo r t ed by Bas se t t  
( 1 9 8 3 )  r e v e a l e d e r r o r s  i n  t h e p r e d i c t e d o u t p u t 
t empe ratu r es o f  l es s  than 2 deg r ee s  Ce l s i u s  d u r i n g  dayt ime 
ho u r s  wh i l e  t h e  r o c k s  .w e r e  b e i n g  c ha r g e d , a n d  a i r f l ow s  
w e r e  i n  t h e  2 - 4  m 3 /mi n  r an g e .  E r r o r  w a s  l a r g e s t  d u r i ng 
n ightime hou r s ,  because o f  rev e r s e  hea t  t ra n s fe r f rom the 
r o c k s  b a c k  i n t o  the c o l l ec t o r .  T h e  l i n e a r p e r f o rma n c e  
e q u a t i on s  s hown i n  t a b l e  1 we r e  d e v e l o pe d  b y  u s i n g  t h e  
c o l l e c t o r  o u t p u t  t e m p e r a t u r e s  c o l l e c t e d f r o m f i v e  
consecut i v e  days o f  SE I -TES system test ing . 
D a t a  w e r e  c o l l e c t e d o n  t h e  S E I - T E S  
r e t r o f i t t e d  f o r  wa t e r  h e a t i ng b y  Remun d  ( 1 9 8 3 ) . 
s y s t e m 
W i t h  a 
ma s s  a i r f l ow r a t e  o f  5 0 4  k g/ h r  a n d  a t a n k  he i g h t  o f  0 . 6  
met e r s  abo v e  the heat exchange r ,  the pe r fo rmance equa t i on 
was r epo r t ed as : 
EC = 0 . 0 0 0 0 6 7 7  * I - . 2 2 * H + . 4 6 
whe re : EC = Ene r gy col l ected , kW/ 3 0 min . 
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I = I ns o l a t ion on effec t i v e  c o l l ecto r a r ea,  kW 
H = Numb e r  o f  ho u r s  f rom s o l a r  noon 
Thi s  equa t i on p r ed ic t s  9 1  pe rcent of the va r iat i on in 
en e r g y  o u t p u t , a n d  i s  v a l i da t e d  f o r t h e  h o u r s  of 9 : 0 0 am 
to 3 : 0 0 pm. , and s umme r cond i t ions. 
Economics � Solar Energy 
K r e i t h a n d  K r i ed e r  ( 1 9 7 8 )  s t a t e  t ha t  e c o n om i c s  a r e  
t h e  p r i m a r y  c o n c e r n t o  d e s i g n e r s  s i n c e  i n  a m a r k e t  
economy , the bas i s  f o r  widespread acceptanc e  of  a concept 
i s  n o t  t e c h n o l o g i c a l r e a l i t y ,  b u t  e c o n o m i c 
c omp e t i t i v e n e s s .  H i s t o r i c a l l y ,  n ew t ec hn o l o g i e s ha v e  
s e l d o m  eme r g ed i n  t h· e ma r k e t p l a c e  un l e s s  t he y  w� r e 
19 
SEI-TES system perfo rmance equations. * Table 1. 
Gc:;\llt D�f.tl,S Pel:'formance Eguati.ona 
North S l.de: Dt· • 0.401 *.Ins. a2-o.79 
South Side: Dt· • 0.306 *Ins. a2.o. 82 
( effective area • 38.2 ml ) 
Ve.9.t t lat ion Air Heatins 5Istem Performance Eguations 
llour Equation a2 
7 Dt • 0.25 *Ins. 0.59 
8 Dt • 0.30 * Ins. 0.51 
9 Dt • 0.34 * Ins. 0.38 
10 Dt • 1.00 *Ins. 0.87 
tl Dt • 1.30 * Ins. o.88 
12 Dt • 1.65 * Ins. 0.88 
13 Dt • 1.80 * Ins. 0.86 
1'• Dt • 1.90 * Ins. 0.76 
15 Dt • 2.00 * Ins. 0.89 
16 Dt • 2.20 *Ins. 0.79 
17 Dt • 2. 10 * Ina. 0.32 
18 Dt • 3.20 * Ins. 0.33 
19-6 Dt • o.oo 
(effective area • 19.1 m2 ) 
wera: 
Dt .• collector atr temperature rise, °C 
It�. • total so lar insolation striking effective area, kWh 
* De.te.rnained by least squares linear regression. 
economi ca l l y compet i t i v e  w i th e x i s t ing t echn o l og i es , and 
hav e  u s ua l l y  not obtained a ma j o r  ma r k e t  sha r e  u n l e s s  they 
we r e  economica l l y  s upe r io r  to exi s t ing t echn o l og i es (Rueg g  
and Sav , 1 9 8 1 ) . The appa rent d i ffe renc e s  in the econom i c s  
o f  v ar i o u s  t e c hn o l o g i e s  i s  c a u s e d by s c ar c i ty o f  t ime , 
i n c ome , or n a tu r a l  r e s o u r c e s ,  c a u s i n g  c ho i c e s , w h i c h  i n  
t u rn regu l at e  t he i r  economica l l y eff i c i ent u s e  (Wa l ton and 
W a r r e n , 1 9 8 2 ) . T h e  e c o n o m i c  e f f�c i e n c y  o f  a s o l a r  
t echno l ogy depends on the a l te rnat i ves t hat a r e  avai l ab l e  
and the c o s t s  a s soc iated-w i th each a l te rnat i v e. Because 
a l terna t i v es and cos t s  are constant l y  chang i ng , s o  a r e  the 
economic e f f i c i enc i e s  of so l a r  sys t ems.  
H e r en d e en ( 1 9 7 5 )  s ta t e s  t ha t  d ec i s i o n s  r eg a r d i n g  
which pub l i c  goa l s  and s e r v ices a r e  t o  be produced depend 
o n  po l i t i c a l ra t h e r t ha n  ma r k e t  d e c i s i on s .  B ou l d i n g  
( 1 9 8 0) argues fo r mo r e  gove rnment inf l u enc e in t h e  ene rgy 
d ec i s i o n p r o c e s s  b e c a u s e  g o v e rnme n t  p e r c e i v e s i t s e l f a s  
immo rta l , and i s  the agency i n  soc i e ty t ha t  i s  mo s t  l ik e l y  
t o  t a k e  c ar e  o f  t he f u t u r e .  I f  w e  ha v e  s o m e t h i n g  t ha t  i s  
cheap and p l en t i f u l  now , but wi l l  be s ca rce and expens i ve 
l a t e r  o n , t h e r e  i s  r e a so n  f o r ma k i n g  i t  e x p e n s i v e  now w i t h 
a t a x  o n  t h e  p r e s e n t  f o r t h e  b e n e f i t  o f  t h e fu tu r e  
( B ou l d i n g , 1 9 8 0 ) .  T h e  N i n e t y - s i x t h  C o n g r e s s ( 1 9 7 9 b) 
r epo rt s  that the c u r r ent p�i c e  of o i l i s  k ep t  a rt i � ic i a l l y  
l ow t h r o ug h  dep l et i on a l l owances , intang i b l e  d r i l l ing cost 
w r i t e-o f f s , f o r e i gn tax c r ed i t s ,  and po l lu t ing r ef in e r i e s .  
20 
D i r ec t  fede r a l s ub s i d i es t o  con ven t i ona l f ue l s a r e about 
$ 8  b i l l i on pe r yea r ,  dwa r f ing the compa r i t i v e l y  t r i f l ing 
s ub s i d i e s  f o r s o l a r  s o u r c e s .  To e q ua l i z e  t h e  en e r gy 
c o s t s ,  Bo u l d i n g  (1 9 8 0 )  p r o po s e s  a t a x  o f  a t  l ea s t  $ 0 . 53 
pe r l it e r  on gaso l ine.  
2 1  
The N inety- s i xth Cong r e s s  (1 9 7 9b)  r epo r t s  that so l a r  
d e v e l o pmen t ,  wh i c h  i s  n e e d e d  n ow , w i l l d ep e n d  o n  t he 
q u a l i t y a n d  s c o p e o f  g o v e r n m e n t  s u p p o r t . I t  a l s o 
en c o u r a g e s  t h e  g o v e r nm e n t  t o  ma k e  l on g - t e r m d e c i s i o n s  
abo u t  t h e  n a t u r e  o f  g o v e rnme n t ' s  r o l e  i n  s o l a r  ene r g y  
dev e l opment. The Uni t ed States Gene ra l Acc o un t ing Of f i ce 
( 1 9 8 0) r ep o r t e d  o n  P r e s i d e n t  C a r t e r ' s  g o a l o f  h a v i n g  20 
pe rcent of t he nat i on ' s  ene rgy needs s u� p l i ed by so l a r  by 
t he y e a r 2 0 0 0 . T h e  p l an c a l l e d f o r t h e  go v e r n m e n t  t o  
p r o v i d e  i n c en t i v e s ,  i n f o rma t i on ,  a n d  t he i mp e t u s  fo r 
me e t i n g  t h e  s o l a r  g o a l .  L o o p e  · ( 1 9 8 2) ,  h ow e v e r ,  s ta t e s  
t ha t  t h e  so l ar i n d u s t r y ' s  g r ow t h  w i l l  d ep e n d  o n  i t s  
ab i l i ty t o  compet e  i n  the f ree ma r k e t ,  beca u s e  the Reagan 
a dm i n i s t r a t i o n i s  w i t hd r aw i ng t h e  g o v e r nm e n t a s  a p r ime 
bac k e r  o f  s o l a r  ene rgy dev e l opment. 
Y u d e l s o n a n d  P a r k e r  ( 1 9 7 8) s t a t e  t h a t  we h a v e  
r e a c h e d  t he p o i n t  o f  d i m i n i s h i n g  r e t u r n s  i n  u s i n g  d i r ec t  
f e d e r a l o u t l a y s , a nd mu s t  u s e  mo r e  i n d i r e c t  f i n a n c i a l  
i n c en t i v e s .  O n e  t y p e  o f  i n c en t i v e  f a v o r ed b y  Ro a c h  an d 
B r un t o n  ( 1 9 8 1) i s  t a x  b r e a k s and s u b s i d i e s , b a s e d  on t h e  
be l i ef t ha t  the soc i a l  benef i t s  o f  so l a r  ene rgy exc eed the 
p r i v a t e  b e n e f i t s .  H i l l ,  e t . a l .  ( 1 9 7 9) s t r e s s  t h a t  t h e s e  
i n c en t i v e s  s ho u l d  a l way s b e  s upp l emen t a r y  t o  t h e  f r e e 
ma r k e t o p e r a t i o n ,  n o t  a s ub s t i t u t e  f o r i t .  W i t h  i t s  55 
pe rcen t s o l a r  tax credi t ,  Ca l i fo rn i a  accoun t s  f o r  o v e r  3 0  
pe r cent o f  t he nat i on ' s  t otal " f r ee ma r k et• i n s ta l l a t i ons , 
pr o v i ng t h e  e f f e c t i v en e s s  o f  i n c en t i v e s ( 9 6 t h C on g r e s s ,  
1 9 7 9b) .  
Economic Analysis Parameters 
E c o n om i c  a n a l y s i s  c an b e  a u s e f u l  t o o l w h e n  ma k i n g  
e n e r g y  d e c i s i o n s , b u t  t h i s t o o l i s  b a s e d o n  m a n y  
a s s um p t i on s .  T a x  a n d  s ub s i d y  c o n s i d er a t i o n s  a r e  ma j o r  
d r i v i n g  f o r c e s  i n  m a r k e t  c h o i c e s  a m o n g  e n e r g y  
a l te rna t i v e s , b ut the r e  a re o the r as s umpt ions w i th t he i r 
r espec t i ve unc e r ta int i e s  that a r e  a l so impo r tant (Wa l ton 
a n d  Wa r r en , 1 9 8 2) .  B a r l ey ( 1 9 7 7) l i s t s  t he f o l l ow i n g  
e c o n o m i c  p a r a m e t e r s  t h a t  m u s t  b e  c o n s i d e r e d w h e n  
ana l y i z ing the economic feas ibi l i ty o f  s o l a r  sys t ems : 
1 )  Loan downpayment 
2) Inves tment tax c red i t  
3 )  Salvage val u e  
4 )  Gen e r a l  inflat ion rate 
5) I n s u rance rate 
6) Mortgage inte r e s t  rate 
7) Depr ec i at i on l i fe t ime 
8) Mo r t gage pe r i od 
2 2  
9) Col l ec to r  l i fe expectancy 
1 0) P rope r ty t ax rate 
1 1) Fuel
.
inf la t i on rate 
1 2) Oper a t i on and ma intenanc e in f la t i on rate 
1 3) Income tax rate 
1 4) D i scount rat e 
F r a i z e ,  e t . a·l .  ( 1 9 8 1) s ta t ed t ha t b r ea k - e v e n c a p i t a l  
co s t  i s  mo s t  s e n s i t i v e  t o  c hang e s  i n  t h e  f u e l i n f l a t i on 
rate.  Fuel i n f l at io n  rate i s  p robab l y  the mo s t  unc e r ta in 
p a r a m e t e r .  T h e  r e p o r t  s t a t e s  t h a t  a c h a n g e  o f  2 
2 3  
p e r c e n t a g e  p o i n t s  i n  t h e a s s u m e d  r e a l r a t e o f  f u e l 
e sc a l a t i o n c a n  l e ad t o  .a 3 0  t o  5 0  p e r c e n t  c ha n g e i n  the 
b r eak-even capi ta l cost.  It wa s the opin i on o f  t he �ITRE 
s t ud y  ( Sc ho l l ,  1 9 8 1) t ha t  t he D a t a  Re s o u r c e s , I n c .  
fo r ec a s t  o f  p r i c e  i n c r ea s e s wa s t he mo s t  r e a s o n a b l e  an d 
had t h e  mo s t  c r e d i b i l i ty w i t h t h e  p r i v a t e  s ec t o r ,  among 
s e v e r a l  f o r ec a s t s  a n a l y z e d .  T h e s e  p ro j ec ted e sca l a tion 
rat e s  f o r  g ene ra l inf l a t i on ,  ope rat ions and ma intanenc e ,  
and cap i t a l  c o s t s  a r e  p r esented in tab l e  2 .  
Acco r d ing to t h e  Un i t ed States Depa r tment o f  Ene rgy 
( 1 9 8 3) ,  c u r r en t  nat i ona l a v e rage un i t  c o s t s  of ene rgy a r e 
as fo l l ows : 
E l ec t r i c i ty : 7 . 6 3 $ / kWh. 
Nat u ra l  g a s : . 6 3 $ /therm o r  . 0 2 2  $ /m3 
Numbe r 2 heat ing o i l : . 3 2 $ / l i t e r  
P ropan e : . 2 1 $/l i t e r  
---
Tab le 2 .  P rojected inflat ion rates (S choll, 19 78) . 
COST CATEGORY 1980 - 1985 1986 - 1990 
Rate of General Inflation 10 . 0  8 . 0  
Capital Cos t Es calat ion Rate  10 . 0  8 . 0  
0 & M*Cos t Es calat ion Rat e  1 2 . 2  10 . 2  
Fuel Cos t Escalat ion Rates 
Coal 1 2 . 0  9 . 9 
Oil -
Res idual 1 3 . 9  1 1 . 8  
Dis tillate & Diese l  1 3 . 0  10 . 9  
Natural Gas 18 . 1  16 . 0  
Electricity 1 2 . 9  10 . 8  
* Operations and Maintenence 
199 1  - 2000 
6 . 0  
6 . 0  
8 . 1 
8 . 8  
9 . 2  
9 . 5  
1 1 . 0 
8 . 3 
200 1 - 2025 
6 . 0 
6 . 0 
8 . 1 
7 . 4  
7 . 6  
7 . 8  
8 . 5  
7 . 2  
N 
+'-
Ma intenanc e  c o s t s  fo r so l a r  sy stem s  ar e unknown due 
to i n su f f ic i en t  l ong t e rm expe r i enc e o n  o perat i ona l s o l a r  
syst em s  (H ill , et.al •. , 1 9 7 9 ) . Luk en s  a nd Sch imme l ( 1 9 7 9 )  
show t ha t  oper a t ion and ma i n t en ance c o s t s, primar ily d ue 
to c l ean ing o f  t he r e fl ector and co l l ec t or ,  ar e cr i t ica l l y 
r e l a t ed to ene rgy o utput and sub s equen t sys t em econom ic s .  
Pr e l im inar y  est imat e s  o f  cleani n g  cos t s  ha v e  been 0 . 0 5  t o  
O . l O  $/m 2 per cl ean ing .  
2 5  
T h e  I n t e r n a l Re v e n u e  S e r v i c e  ( 1 9 8 2 )  r ep or t e d  t ha t  
d u e  t o  c h a n g e s  i n  t a x  l aw ,  a n  acc el er a t ed c o s t  r ec o v er y  
sys tem (ACRS) now app l i e s  t o  d eprec iab l e  a s s e t s  p l aced in 
s er v ic e  i n  1 9 8 1  a n d  t he r e a f t er .  T h e  ACR S  d ep r e c i a t i on 
me t h o d  i s  u su a l l y pr e f e r a b l e  t o  t h e  ol d s tr a i g ht l i n e  
met ho d  when con s i der ing depr ec ia t ing i t em s  in t h e  1 5  yea r 
c l a s s  s uc h  a s  s o l a r  c o l l ec t or s .  Ad d i t i o na l l y, a 1 5  
pe rc en t  i n v e s tm en t  t a x  cr ed i t  i s  a l l ow e d  f or c omm e r c i a l  
ene rg y  r el ated property (IRS , 1 9 8 2 ) . 
P roperty tax e s  a r e  h i g hl y  dependen t  o n  l ocat i on ,  b ut 
ac c or d i n g  t o  K l e in ( 1 9 83 ) ,  t yp i c a l ar e a  r a t e s  a r e  4 
percen t  o f  a prope r ty ' s  a s s es s ed va l ue1 a s s es sed v a l ue i s  
appr o x im a t e l y  6 0  p e r c en t  o f  m a r k e t v a l u e .  T h e  s ta t e  o f  
South Dak o ta al l ow s  p rope r ty tax c r edi t s graduated f r om 7 5  
t o  2 5  p e r c en t  i n  t he f i r s t  s i x  y e a r s  o f  s o l a r  s y s t em 
owner s hi p . 
F ew i n s urance compan i es hav e  e s tab l i s h ed in s ur ance 
r a t e s  f o r s o l a r  s y s t em s  ( H i l l ,  e t . a l . ,  1 9 7 9) .  F a rm B u r e a u  
I n s u r an c e (1 9 8 3) e s t ima t ed t ha t  r a t e s  f o r a g r i c u l t u r a l  
c o l l ec t o r s  w o u l d  b e  s i m i l a r t o  t ho s e  c ha r g ed fo r o t h e r 
f a rm equ i pment ,  about 3 pe rcent pe r yea r .  
H e l l i c k s o n  ( 1 9 7 9) e s t i ma t ed 2 0  y e a r s  f o r t h e  S E I ­
TES sys t em l i fet ime , and Dobbs (1 9 8 3) r ec ommended mo r tgage 
pe r i ods of not mo r e  than one-ha l f  o f  the sys t em l i fetime. 
Heid (1 9 8 0) di scou rages fa rme r s  f rom mak ing i n v e s tment s  in 
s o l a r  e q u i pm e n t h a v i n g  m o r e  t h a n  a 1 0  y e a r l i f e  
expectancy . 
A s t u d y  o n  t h e e c o n o m i c s  o f  a s o l a r  w a l l  b y  
W i l l i am s , e t . a l .  ( 1 9 8 3) r e v e a l ed t ha t  t h e  h i g he r t h e  
i n c ome t a x  b r a c k e t  o f  t h e  own e r ,  t h e  m o r e  e c o n omi c a l l y 
f ea s i b l e t he s o l a r  c o l l ec to r b e c om e s .  D o b b s  (1 9 8 3) 
i n d i c a t e d t ha t  f a rme r s  can pa r t i a l l y c o n t r o l t h e i r  t a x  
b r a c k e t  b y  t h e  t i m i n g a n d  n a t u r e  o f  t h e i r  c a p i t a l 
e xp e nd i t u r e s ,  s o  t ha t  ma ny n o rma l l y f a l l  b e l ow t h e  3 0  
pe r cent ma r g ina l b rac ket.  
B a r l ey (1 9 7 7) r epo r t ed t ha t  a l l t h e  p r e v i o u s l y  
men t i on e d  ec o n om i c  pa r ame t e r s  m u s t b e  c on s i d e r e d  t o  
d e t e r m i n e  th e o p t i m a l c o l l e c t o r a r e a ,  t o  a c h i e v e  
i n v e s t m e n t o p t i m i z a t i o n f r o m  a n  
e c o n om i c  s tandpo i n t .  H e l l i c k s o n  ( 1 9 7 9) a d d s tha t fo r 
a g r i c u l t u r a l s o l a r  s y s t em s , i t  i s  a l s o i mpo r t a n t  t o  
cons i d e r  b io l og i ca l r e s t r ic t ions ,  and t ha t  o pt imi z a t i on i s  
d i f f i c u l t  s i n c e  t he i n f o rma t i on n e e d ed i s  n o t r e a d i l y  
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ava i l ab l e. Thes e  b i o l og i ca l cons ide rat i ons inc l ude the 
t i me and t empe r a t u r e  r e l a t i o n s h i p s  i n v o l v e d  in g r a i n  
drying and the weathe r l imita t ions in vo l v ed i n  p ro v i d ing 
s upp l emen t a l h e a t  to t he v e n t i l a t i o n a i r  o f  a l i v e s t o c k  
bu i l d ing . 
Re u g g  a n d  S a v (1 9 8 1) r ep o r t  t ha t  t he p o i n t  whe r e  
ma rg ina l c o s t s  equa l ma r g ina l r e t u rn s  def in e s  the opt ima l 
a r ea f o r  any type of system. Thi s  can a l so be r ep r esented 
a s  t he po i n t  o f  ma x i mum d i f f e r e n c e  o n  t h e  t o ta l c o s t  a n d  
total sav ings ( retu rn s )  c ur v e s  i l l u s t rated in f i g u r e  4 .  
Lunde (1 9 8 2) w a r n s  a g a i n s t  u s i n g  s i mp l e  " pe r un i t  
a r ea "  c o s t  c ompa r i sons because t hey do not account f o r  the 
v a r i an c e s  in s y s t em pe r f o rmanc e .  As s um i n g 1 0 0  pe r c e n t  
l oa d  u t i l i z a t i o n , he  r ec omme n d s b a s i n g  s a v i n g s  on t h e  
o v e ra l l  therma l r et u rn pe r uni t  a r ea. 
Methods .Q.f Analysis 
T h e  r e t u r n o n  i n v e s tme n t  ( RO I) ,  o f t e n c a l l e d t h e  
inte rna l r a te o f  r e t u rn ( IRR) , i s  one met hod o f  l i fe-cyc l e  
-· 
------;--COS t1 ng recommended by Ruegg and Sav (1 9 81). Thi s  method 
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ca l cu l at e s  the rat e  o f  r e t u rn an investment i s  expected to 
yi e l d. H owev e r ,  rathe r than use a p r e-spec i f i ed d i scount 
r a t e ,  t h i s m e t ho d  s o l v e s  f o r t ha t  r a t e  o f  i n t e r e s t  wh i c h  
w h e n  u s e d  t o  d i s c o u n t  b o t h  c o s t s  an d s a v i n g s ( r e t u r n s )  
w i l l  c a u s e  t h e  t w o  t o  b e  equa l .  The r e s u l t a n t  r a t e  c a n 



























Figure 4. Optimal collector area determination 
(a�pted from Reugg and S av, 1981). 
A n o t h e r t e r m w i d e l y  u s e d  i n  c o m p a r i n g  e n e r g y 
a l t e rnat i v e s  i s  paybac k pe r iod , which s impl y  r ef e r s  t o  the 
n u m b e r o f  y e a r s  r e q u i r e d t o  r e c o v e r  t h e i n i t i a l  
investment .  Sedmak and Z ampe l l i  (19 7 9 ) s ta t e  t ha t  because 
o f  the h i gh d egre e  of unc e r ta in ty a s s o c i at e d  w i t h  a so l a r  
inv e s tmen t ,  e spec i a l l y w i th respect t o  s y s t em pe r fo rmance 
a n d  r e l i a b i l i ty ,  p o t en t i a l  u s e r s  w i l l  r e qu i r e payb a c k 
p er i o d s  o f  3 to 5 y e a r s  b e f o r e  t he y  w i l l  p e r c e i v e  t h e  
i n v e s tm e n t t o  b e  p ro f i t a b l e . L u n d e  ( 1 9 8 2 )  s t a t e s  t ha t  
t h i s n umb e r  i s  m e an i n g l es s , b ec a u s e  i t  d o e s  n o t  d i s c o un t  
cash f lows , no r do e s  i t  r ef l ec t  the l a rg e  r e t u rn s  that can 
acc umu l at e  t oward the end of the syst em l i f e t ime caused by 
s ign i f i cant f ue l inf l at i on rates .  Rat e s  of r et u rn in the 
r a n g e  o f  15 t o  3 0  p e r c en t  a n d  payb a c k p e ri o d s  o f  3 
·
t o  5 
y e a r s  a r e  c i t ed b y  C ha t u r v ed i  and M u r phy ( 1 9 8 1) a s  t h e  
r equ i r ed inc en t i v e  to mak e  a l a rge capi t a l  i n v e s tment.  
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T h e  mo s t  a c c u r a t e ,  but a l s o mo s t  d a t a  i n t en s i v e 
me t h o d  o f  i n v e s tm en t  a na l y s i s  a c c o r d i n g  to W i l l i am s  an d 
B l o ome ( 1 9 8 0) ,  i s  t h e  p r e s en t  v a l u e ( o f t e n c a l l ed t h e  
p r e s ent wo rth) met hod.  Thi s  method ca l c u l a t es the p r esen t  
d o l l a r  w o r t h  o f  e a c h  o f  t h e i n d i v i d u a l c a s h  f l o w s  
a s so c i a t ed w i t h t he sy s t em ,  u s i n g p r e s en t  w o r t h f a c t o r s  
g i v en by Whi te ,  et.a l .  (1 9 7 7). F ra i z e ,  e t.a l .  (1 9 8 1) g i v e 
e x amp l e s  o f  how t he v a r i o u s  e c o n om i c  pa r ame t e r s  c an b e  
v a r i ed i n  a s en s i t i v i ty an a l y s i s ,  t o  d e t e rm i n e  t h e i r 
e f f e c t  o n  t h e  p r e s e n t  w o r t h  o f  t he s y s t em .  A l t h o u g h  
30 
economis t s  hav e  l ong recogn i z ed tha t  max im i za t i on o f  net 
p r esent v a l ue is the c r i t e r ion upon wh ich a l l i n v e s tment 
dec i sions no rma l l y sho u l d  be based (Sedmak and Zampe l l i , 
1 9 7 9) ,  mo s t  o f  t he eng i n e e r i n g  s t ud i e s i n  t he pa s t  ha v e  
i n c l u d e d  on l y  r o u g h  payb a c k  p e r i o d  c a l c u l a t i o n s .  Th i s  
f a c t  c an p r o ba b l y  b e  a t t r i b u t e d  t o  m o r e  c omp l i c a t ed 
t e c h n i q u e s  u s e d  i n  l i f e  c y c l e  c o s t i n g  a n d  a b e t t e r  
unde r standing o f  " payback "  by t he cons ume r (Lunde , 1 9 8 2). 
Economic Studies Qf Solar_Energy 
A g r e a t  v a r i e ty o f  e x c e l l en t  w o r k  i n  t h e  a r e a  o f  
economic ana l y s i s  fo r r e s i den t i a l so l a r  syst ems has been 
pe rfo rmed. The resu l t  of  one of  the mo s t  comp r ehen s i v e  of 
t h e s e  s t ud i e s  i s  t he SOLCOST ( 1 9 80) p r o g r a m .  G i v en 
ene r gy u s e  par amete r s  o f  the b u i l d ing and i t s  geog r aphic 
l oc a t i o n , t he p r o g r am u s e s  i t s  own w e a t h e r d a t a  b a s e to 
opt ima l l y  s i z e  a c o l l ecto r .  Then , g i v en t h i s  c o l l ecto r ,  it 
p e r fo rm s  a c omp l e t e  s o l a r  v e r s u s  c on v en t i on a l c o s t  
c ompa r i s o n .  T h e  p r o g r am i n c l u d e s  p r o v i s i o n s  fo r many 
d i f f e r en t  t yp e s  and co n f i g u r a t i on s  of c o l l e c t o r s  and i s  
v e ry v e rsat i l e. 
Ba r l ey (1 9 7 7) deve l oped a method based on the K l e in , 
D u f f i e  a n d  B e c kman ( 1 9 80) F -Cha r t  p r o g r a m , wh i c h  a l s o 
p e r f� m s a p r e s e n t  w o r t h a n a l y s i s .  E m p i r i c a l 
r - -
r e l a t i on shi ps we r e  de v e l oped so that ca l cu l at i on s cou l d  be 
pe r fo rmed on a hand-he l d  ca l c u l ato r .  Dev i a ti o n s  in total 
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l i f e  cyc l e  c o s t s  us ing the F-Cha r t  p rog ram we r e  l es s  than 
------- --· -----· ---· --- - -- -
3 pe r cent compa r ed to v a l idated data. 
·- -- --- - ... _ _____ ..£">_._ 
A comp rehen s i v e  rev i ew of u.s. Depa r tment o f  Ene rgy 
f und e d  s t ud i e s  o n  t he e c o n om i c s  o f  s o l a r  wa t e r a n d  spa c e  
h e a t i n g w a s  c o n d u c t e d b y  B e z d e k  ( 1 9 7 8 ) . O n e s t u d y  
conduct ed o n  a s ta t e-by-state bas i s  conc l ud e d  that so l a r  
wat e r and space hea t ing wer e  economica l i n  2 7  s tates , and 
wou l d  be in 3 8  states by 1 9 9 0  when compa r ed to e l ec t r ic a l  
c o s t s .  T h e  n o r t he r n  r e g i on w a s f o un d  t o  b e  t he mo s t  
economica l l y f ea s ib l e  r eg i on o f  the c o un t ry. A l t hough a l l 
the s t ud i es v a r i ed g r eat l y ,  the r epo r t  conc l uded that the 
e s t imated syst em c o s t s  used we r e  cons i de r ab l y  l owe r t han 
c u r r en t  mar k e t  p r i c e s .  E s t i ma t e d  r ea.� _ _f___u_e_l___illf_lat ian_ 
rates v a r i ed f rom 0 t o  1 0  pe rcent pe r yea r .  
-----'---- - - - -------...._ 
Econom i c  inv e s t i ga t i ons int o  the ag r ic u l t u ra l  secto r 
ha v e  b e en s l ow p r i ma r i l y b e c a u s e  p ub l i c a l l y  f u n d e d  
inte r e s t  has concent rated o n  t h e  r e s i den t i a l ma r ket (He i d ,  
1 9 8 0 ) . Ea r l y  economic ana l yses in t h e  ag r ic u l tu r a l  sec t o r  
w e r e  f o r g r a i n  d r y i n g .  A p i on e e r i n g  s t ud y  b y  H e i d  ( 1 9 7 8 )  
ind i ca ted t ha t  g ra i n  cou l d  be s o l a r  d r i ed fo r 3 .00 to 3 . 4 0  
$ /m3• N o  s up p l emen ta l h e a t  w a s u s ed , a nd a 1 60 m
3 b i n  o f  
· 2 5  p e r c en t  mo i s t u r e  c o r n w a s  d r i e d i n  2 1  d a y s .  A l tho u g h  
i t  w a s  f o un d  t h e o r e t i c a l l y po s s ib l e  t o  d r y c o r n  u s i ng 
so l a r  ene rgy,  i t  was que s ti oned whethe r a fa rme r wou l d  be 
w i l l i n g  to s p r e ad h i s  ha r v e s t  o u t  to a c c om o d a t e  s o l a r  
d ry i n g  i f  he c o u l d  f i n i s h h i s  ha r v e s t  i n  a w e e k  to 10 
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days . 
H aa s ,  e t . a l .  ( 1 9 7 8) r epor t ed on t h e e f f e c t s  o f  b i n 
s i z e and LP g a s  co s t s  on the economic feas i b i l i ty of  so l ar 
dry i n g  o f  w h e a t .  They f o und t ha t  L P/ na t ur a l  a ir dr y i n g  
systems wer e  favored i n  b ins 2 4  feet or mor e i n  diameter .  
I t  wa s a l s o f o un d  t h a t  i n cr e a s e s  i n  L P  g a s  pr i c e s  ha d a 
l ar g er e f f e c t  o n  s o l ar e c on om i c s  t ha n  d i d  i n cr e a s e s  i n  
e l e c tr i c i ty pr i c e s , b e c a u s e  o f  d i f f er e nc e s  i n  f u e l u s e  
e f f i c iency . 
S i x  d i f f er en t  dr y i n g  c o l l e c t or s  w er e  e v a l u a t ed b y  
K l i n e  a n d  O d e k ir k  ( 1 9 7 8) u s i n g  pr e s en t  v a l u e m e t h o d s .  
These co l l ector s  were very inexpen s i v e l y  b u i l t  uni t s ,  a l l 
w i th est ima t ed l i fet ime s  of  l es s  t han 1 0  year s .  They were 
s hown to be mar g i n a l l y  c o s t  e f f e c t i v e  c ompar ed w i t h  
e l e c tr i c h e a t .  T h e  r e p or t s t a t e s  t h a t  a d d i t i o n a l 
i n v e s t i g a t i on m i g h t r e s u l t i n  l ow er c o s t  ma t er i a l s  f or 
c o l l ec t or s ,  h i g h er e f f i c i en c y  co l l e c t or s , a n d  impr o v ed 
dry ing proc eedur e s .  
S u th er l an d  an d S o n k a  ( 1 9 8 2) ana l y z ed a 7 4 . 4  s q uar e  
m e t er c o l l e c t or mo u n t ed o n  t h e  dr y i n g  b i n .  They f o u nd 
t ha t  u s i n g  o n l y  s o l a� h e a t e d  a ir ,  25 0 c ub i c  me t er s  o f  
· gra in cou l d  b e  dr i ed from 2 0  t o  1 2  percent mo i s t ure in 2 6  
days.  . The c o s t s  o f  t h i s  system wer� roug h l y equ i va l ent to 
convent i ona l f ue l  costs o v er t he l i f e  o f  the syst em. 
H e i d  a n d  A l d i s  ( 1 9 8 1 )  a s s e s s ed t he f e a s i b i l i ty o f  
u s ing so l a r  ene rgy to suppl emen t t rad i t i ona l g ra i n  d rying 
methods.  They con c l uded that the bene f i t s  of adding sol a r  
heat t o  batch-i n-bin and l aye r -in-bin g r a in d ry i ng systems 
f a i l ed to o f f s e t  t he s o l a r  h e a t  i n s t a l l a t i o n  c o s t s . 
F u r t h e r mo r e ,  i t  w a s f o u n d  tha t i n c r e a s e d  d e t e r i o r a t i on ,  
l o n g e r  d r y i n g  t im e , and o v e r d r y i n g  a t  c e r ta i n  t i me s ,  c u t  
i n t o  p r o f i t s .  F i n a l l y ,  t h e s t u d y  c o n c l u d e d , s o l a r  
c o l l ec t o r  e c o n om i c s c o u l d  po s s i b l y  b e  i mp r o v ed by 1) 
s e l e c t i ng c r o p  v a r i e t i e s  w i t h  d i f f e r e n t  ma t u r i ng da t e s , 
2) c rop d i v e r s i f icat ion so that mo r e  than one c rop can be 
d r ied annua l l y  w i th the same sys tem , and 3) f ind ing othe r 
farm uses fo r co l l ecto r s .  
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H e l l i c k son ( 1 9 80 )  r ec ogn i z ed t he need fo r mu l t ipl e 
u s e  c o l l e c t o r s .  An e c o n om i c  s t ud y  o f  t h e  S E I -T E S sy s t em 
used f o r  g r a in d rying and far r owing hou s e  vent i l a t i on a i r  
heat ing out l ined the economic cond i t i ons neces sa ry t o  mak e  
t he system c o s t  e ffec t i v e .  Act ua l f i e l d pe r fo rmance data 
f o r  1 8 0  d a y s p e r y e a r u s a g e  s ho w e d  t h e  s y s t em to be 
e c o n om i c a l on a ma t e r i a l s c o s t  b a s i s ,  w i t h a 20 y e a r l i f e ,  
a 1 2  pe r c ent f ue l  inf l a t i on rate, and a 1 0  pe r cent gene ra l 
i n f l a t i o n  r a t e .  F u r t he r mo r e ,  H e l l i c k s o n , e t . a l .  ( 1 9 8 1) 
r ep o r t e d  t ha t t he s y s t em had s hown t ha t  a t h e r mo syphon 
s y s t em f o r w a t e r  h e a t i n g  was t e c hn i c a l l y f ea s i b l e  and 
cou l d  be used in the s umme r months.  
W i l l i a m s ,  e t . a l .  ( 1 9 8 3 ) p e r f o r m e d an e c o n o m i c  
ana l ys i s  o f  the Kansas State Un i v e r s i ty s o l a r  wa l l ,  a type 
o f  c o l l e c t o r b u i l t  i n t o  t h e  s o u t h  w a l l  o f  a l i v e s t o c k  
conf inement s t r uc t u r e. Four  d i ffe rent sys t ems we r e  tested 
a n d  t h r e e o f  t h e  f o ur w e r e  f o un d  t o  ha v e  p a y b a c k  pe r i o d s  
o f  l es s  t han 10 year s  unde r the bas e  cas e  a s s umpt ions. 
H e i d  and Wi l l i am s  (1 9 8 2 )  s t ud i e d  s o l a r  h o t  wa t e r  
sy s t em s  f o r d a i r y  f a rms , and f o u nd t ha t  a p r o pe r l y  s i z e d 
s o l a r  c o l l ec t o r  c a n  b e  e xpec t ed t o  p r o v i d e  a b o u t  50 
pe rcent o f  a dai ry ' s  yea r l y  hot wa t e r  r eq u i remen t s .  These 
syst ems showed payback p� r i od s  of  app r o x ima t e l y  10 yea r s ,  
d e p en d i n g o n  h e r d  s i z e .  The s t udy a l s o p o i n t ed o u t  t ha t  
un d e r a l mo s t  a l l c a s e s  a he a t - e x c ha n g e r  r e c o v e r y s y s t em 
was even mo r e  economica l t han so l ar.  
E n o  a n d  F e l d e r m a n  ( 1 9 8 0 )  u s e d  a c o mm e r c � a l l y 
p roduced So l a i r  s o l a r  co l l ecto r fo r in-s t orage d ry ing of 
c o r n .  A l t h o u g h  t he e v a c ua t ed - t ub e  a b s o r b e r  p e r f o rmed 
we l l ,  it was conc l uded tha t  its capab i l i t i e s  and co s t  fa r 
e x c e e d e d  t h e  r e q u i r e m e n t s  f o r n a t u r a l a i r  d r y i n g  
appl i ca t i ons . 
Solar Energy Commercial ization 
H e i d  ( 1 9 7 8 )  r epo r t s  t ha t  a l tho ugh t he mat e r ia l s  fo r 
bui l d ing homemade co l l ec to r s  co s t  abo ut t h r e e - fo u r ths l es s  
than comme r c ia l  col l ec to r s ,  the ext ra c o s t  o f  a comme r c i a l  
u n i t  m a y  b e  w o r t h� h i l e  b e c a u s e  o f  t h e  a d d e d  l i f e  
e xp e c t an c y .  H omemad e  c o l l e c t o r s  c o s t  a r o u n d  3 2  t o  5 4  
do l l a r s · pe r squa re mete r ,  compa red t o  comme r ci a l  h o t  a i r 
3 4  
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f l a t p l a t e  c o l l e c t o r s  w h i c h  c o s t  1 6 2  t o  2 15 d o l l a r s  pe r 
s q ua r e  m e t e r .  L o o p e  ( 1 9 8 2) r ep o r t ed t ha t  t h e r e  a r e  many 
p o o r sy s t em s  o n  t he ma r k e t .  The S o l a r En e r gy I n d u s t r i e s  
Asso c iat i on i s  encou rag ing the t es t ing and r a t ing o f  so l a r  
s y s t em s  b y  s ta n d a r d  m e t ho d s  f o r a n  a c c u r a t e  b a s i s  f o r 
c o m p a r i s o n .  T h e  A S H RA E  ( 1 9 7 4 ) h a s a l s o d e v e l o p e d  a 
s tandard proced u r e  fo r test ing s o l a r  system pe r fo rmance .  
An o t he r p r o b l em i s  t h e  l a c k  o f  q ua l i f i e d  s o l a r s y s t em 
i n s ta l l er s  ( Sawyer , 1 9 8 0). Thi s i s  p r o v i ng t o  be a se r io u s  
d e t e r en t  t o  t h e  c omm e r c i a l i z a t i o n  o f  s o l a r  e n e r g y  a n d  
r e s u l ts in t h e  e rod i ng of  consumer con f idence.  
-
-------tThe N i n e t y- S i xt h  C o n g r e s s  ( 1 9 8 1) i n v e s t i g a t e d  the 
p r o b l em o f  i mp e r f ec t c om p e t i t i o n in t h e  s o l a r  en e r g y  
i n d u s t r y .  Ac c o r d i n g  t o  t he r e p o r t ,  i n  t he f i r s t ha l f  o f  
1 9 8 0  the r e  we r e  2 2 3  manufact u r er s  o f  so l a r  co l l ec to r s ,  25 
f ew e r t ha n  i n  t h e  p r e v i o u s  p e r i o d .  F u r t he rmo r e ,  t he 1 0  
l e a d i n g  ma n u f a c t u r e r s  o f  l o w t e m p e r a t u r e  t h e r m a l 
c o l l e c t o r s  p r o d u c e  9 4  p e r c en t  o f  t ha t  e q u i pm e n t .  Th e s e  
manufac t u r e r s  inc l ud e  s uc h  h i g h l y  c a p i t a l i z e d  c o r po r a t e  
g i a n t s  a s  E x x o n , G r umma n , G e n e r a l E l ec t r i c ,  G u l f , and 
A r c o .  I n  a n o t he r S e n a t e s ub c omm i t t e e  h e a r i n g  ( 9 6 t h  
. 
C o n g r e s s ,  1 9 7 9 b) ,  i t  w a s  fo u n d  t ha t  i n  t he l a s t  5 ye a r s ,  
l a rge co rpo r a t i on s  hav e  r ec ie ved 8 7  pe r cent o f  the money 
f rom g o v e rnment s o l a r  cont rac t s .  Acco rd ing t o  a Nat iona l 
Sc i ence Founda t i on s t udy , sma l l bu s in e s s e s  a r e  many t imes 
mo r e  cost effec t i v e  t han b i g  bus ine s s e s  in dev e l oping new 
t echno l og ie s , and so l a r  i s  we l l  s u i ted to sma l l b u s in e s s  
pa r t i c i pa t i on . 
Solar Energy Market 
T h e g o v e r nm e n t ' s  c o n c e r n a r i s e s  f r o m w h a t  i s  
p e r c i e v eQ a _s a g r o w i n g  s o l a r  ma r k e t .  Ac c o r d i n g  t o  L o o p e  
( 1 9 8 2) ,  t h e  s o l a r - t he rma l ma r k e t wa s e xp e c t e d t o  g r ow 1 0  
t o  1 5  p e r c e n t  i n  1 9 8 2 ,  a n d  s a l e s w e r e  t o  e x c e e d  $ 1  
b i l l i o n .  O f  t he 2 m i l l i o n s q u a r e  m e t e r s  o f  f l a t p l a t e  
c o l l ec t o r s ,  a pp r o x ima t e l y  2 5  t o  3 0  p e r c en t  w e r e  t o  b e  
insta l l ed on c omme r c i a l  and ind u st r ia l  b u i l d ing s .  Of the 
r ema inde r ,  65 to 7 0  pe rcent wer e  to be fo r the r e s identi a l  
ma r k e t , a n d  3 t o  5 p e r c e n t  w e r e  t o  b e  f o r a g r i c u l t u r a l 
appl icat i on s . 
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T he p o t en t i a l o f  s o l a r  t he rma l en e r g y  s y s t em s  i n  
ag r ic u l t u r e  i s  be ing stud i ed by the So l a r  Ag r ic u l t u ra l and 
I nd u s t r i a l  P r o c e s s  H e a t  b r an c h  o f  DO E ( H e i d  a n d  T r o t t e r , 
1 9 8 2). P r e l iminary conc l us i on s  a r e  that by the yea r 2 0 0 0 ,  
w i th . exi s t i ng t echno l ogy, S O  pe rcent o f  the ene rgy used by 
a g r i c u l t u r e  c o u l d  b e  r ep l a c ed by s o l a r  e n e r gy .  The s e  
e s t imates fo r ag r ic u l t u r e  a re mo r e  opt imi s t ic t han tho se 
by the Ene r gy Resea rch and Dev e l opmen t  Adm in i s t ra t i on in 
the mid-seven t i e s ,  which p r ed i cted tha t  s o l a r  ene rgy co u l d  
s upp l y  5 p e r c e n t  o f  t h e  en e r g y  d emand f o r a g r i c u l t u r a l  
pu rposes by 1 9 8 5  and 2 5  per c en t  by the yea r 2 0 0 0  (He id and 
Trotte r ,  1 9 8 2). 
S ub j ec t i v e  p r o j ec t i o n s  o f  p o s s i b l e  s o l a r  e n e r gy 
futu r es hav e  been attempt ed by many nat i ona l l y r ecogn i z ed 
i n s t i t u t e s  an d ag e n c i e s  ( K i n g , 1 9 7 8) .  P � e d i c t e d  t o ta l 
cont r ibut i ons by so l a r  r esources r ange f rom a lmo st nothing 
t o  4 0  p e r c en t  by t h e  y e a r 2 0 0 0 ,  w i t h  mo s t  p r e d i c t i o ns 
f a l l i n g b e t w e e n  5 a n d  1 0· p e r c e n t  a n d  n o n e  a s s u m i n g 
inac t i v i ty .  
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A h i gh l y  quoted mode l , named SPURR , dev e l oped b y  the 
M ITRE co rpo r a t i on (Scho l l ,  1 9 7 8) p r ed i cts that 1 . 7  mi l l ion 
n ew s o l a r  h o t w a t e r  an d s p a c e  h e a t i n g  s y s t em s  w i l l  b e  
i n s t a l l ed by 1 9 8 5 .  T h e  S PU RR m o d e l  i s  b a s ed o n  t h e  s ­
s ha p e d  c u r v e  s hown i n  f i g u r e 5 ,  u s ed t o  p r ed i c t  ma r k e t 
p e n e t r a t i on o f  n ew t ec hn o l o g i e s .  T h e  t e c h n o l o g y  i s  now 
ent e r ing the acceptance phase cha rac te r i zed by a dec r ease 
in g o v e rnmen t in v o l vement in favo r of de v e l opmen t by the 
p r i v a t e  s ec t o r .  H i s t o r i c a l  ma r k e t t r en d s  ha v e  b e en 
tabu l at ed by t he USDOE ( 1 9 8 2) ,  and a r e  shown in f i g u r e  6 .  
A r o no f s k y ( 1 9 7 8) a r g u e s  t ha t  a n  e a r l y r a p i d  g r ow t h  
pe r iod in t h e  co l l ecto r industry wi l l  s i gn i f i can t l y reduce 
p roduc t i on c o s t s  ( f i g u r e  7 ) . He est ima t es t ha t  f l at p l a te 
c o l l e c t o r s  c o u l d c o s t  f r om 1 0  t o  50 d o l l a r s  p e r s q u a r e  
me t e r  b y  1 9 85 .  H e i d a n d  T r o t t e r  ( 1 9 8 2 )  s t a t e  t ha t  t h e 
m a s s  p r o d u c t i o n s t a g e  w i l l  a l l o w m a n u f a c t u r e r s  o f 
comme r c ia l c o l l ec to r s  to penet rate the ag r ic u l t u r a l  ma rket 
and compete w i th homemade co l l ecto r s .  
Y u d e l s o n  a n d  Pa r k e r  ( 1 9 7 8 )  r e j e c t  t he s e  ma r k e t  
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Figure 7 .  Mass produc t ion cos t reduct ion curve (Arono fsky , 19 78)  -P­o 
p en e t r a t i on s tu d i e s ,  c l a i m i ng t ha t  i t  i s  i mp o s s i b l e t o  
p r ed ic t  t he ro l e  o f  so l a r  ene rgy in the yea r 2 0 0 0  because 
ou r economi c syst em is unde rgo ing p r o f ound change and any 
e s t ima t e s  b a s ed o n  i t s  c u rr e n t  s t r uc t u r e  w i l l  b e  w r o n g . 
I f  s o l a r  en e r g y  i s  t o  c o n t r i bu t e  t o  our e n e r g y  n e e d s , i t  
w i l l  n o t h ap p en g r a d u a l l y ,  b u t  w i t h a m a s s i v e  s h i f t  
s im i l a r  t o  tha t  o f  o i l and gas t echno l og i e s  between 1 9 4 0  
a n d  1 9 6 0 .  
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G e o r g e  a n d  S a l mo n  ( 1 9 81 )  s t r e s s  t he i mpo r t a n c e  o f  
ea r l y a d opt e r s  b e c au s e  ma r k e t  g r ow t h  w i l l  d ep e n d  o n  how 
so l a r  ene rgy is per c i eved by t he pub l i c ,  and acco rd ing t o  
He i d  ( 1 9 7 8 ) , m o s t  fa rm e r s  ha v e  a d o p t e d  a " w a i t  a n d  s e e "  
a t t i t ud e .  W i l h e l m ( 1 9 8 0 )  r e l a t e s ma r k e t g r ow t h  t o  t h e  
s o l a r  i n d u s t r y ' s  a b i l i t i e s  t o  d e v e l o p a n  e f f i c i e n t  
d i s t r i bu t i o n s y s t e m t h a t  w i l l  a l s o p r o v i d e  f o r 
i n s t a l l a t i o n  a n d  ma i n t enanc e .  A su r v e y b y  Y a r o s h  and 
C o nn e r  (1 9 8 0 )  f ou n d  t ha t  t h e  l a r g e s t  im p e d i m e n t to s o l a r  
g r owt h w a s l a c k  o f  a c cu r a t e  an d r e l i ab l e  i n f o rma t i on t o  
t h e p u b  1 i c .  T h e y  r e c om m e n d e d  t h a t  t h e  g o v e r n m e n t 
e s t a b l i s h a t e s t i ng an d r egu l a t i n g  p r o g r am b e c au s e : 1 )  
f ie l d  insta l l at ion i s  an integ ra l and impo r tant pa r t  of a 
s u c c e s s fu l  p r o d uc t ,  2 )  r e l i an c e  o n  c ompe t i t i o n  t o  w e e d  
ou t i n c om p e t en t f i rm s  d o e s  n o t  ma k e  s en s e  w h e r e  o n e - t ime 
p u r c ha s e s ,  su b s i d i z e d by g o v e r nme n t s ,  a r e i n v o l v e d , and 
3 )  consume r d i s sa t i s fact ion is magn i f i ed by p ub l i c notice. 
PROCEDURE 
The o b j e c t i v e o f  t h i s  r e s ea r c h  w a s  t o  d e t e r m i n e  t he 
f e a s i b i l i t y  o f  u s i ng a c omme r c i a l l y  ma n u f a c t u r ed s o l a r  
e n e r g y  c o l l ec t o r  f o r a g r i c u l t u r a l a pp l i c a t i o n s .  The 
proj ect was sub-di v i ded into the fo l l ow ing maj o r  task s  to 
accomp l i sh t he obj ect i v e : 
1 )  D e v e l o p b l u ep r i n t s  f o r a man u f a c tu r a b l e  v e r s i o n o f  
t he SD S O  S E I -T E S s y s t em i n  c o ope r a t i on w i t h a g r o u p  o f  
sen i o r  ag r ic u l t u r a l  eng inee r ing studen t s .  
2) S p e c i fy ma t e r i a l � ,  ma c h i n e s  t o  u s e ,  a n d  mac h i n e  
hou r s  fo r t he p roduc t i on p rocess i n  coope r a t i on w i th J im 
K i r c h o f f e r ,  V i c e  P r e s i d e n t  o f  e n g i n e e r i n g  a t  t h e  
McCu l l och-No r thco company o f  Luve rne , M inne so ta .  
3 )  D e t e rm i n e  t h e  r equ i r e d  c o l l ec t o r r e t a i l p r i c e  by 
cons i d e r ing manu fac t u r ing , d i s t r ibution and in s ta l l at ion 
cost s . 
4) C o n s t ru c t  a c l i ma t e  mo d e l  w h �c h  r ep r e s en t s  h o u r l y  
i n s o l a t i o n l e v e l s a n d  o u t s i d e  t e m p e r a t u r e s  f o r a n  
"ave rag e "  yea r f o r  t he B rook ings ,  South D a ko ta a r ea. 
5) Det e rmine ene rgy requ i r ement s  fo r pos s i b l e  c o l l ec to r  
u s e s  o n  a t y p i c a l e a s t e r n S o u t h  D ak o t a f a r m  b y  
int e r v i ew ing s ev e ra l  fa rme r s .  
6 )  C o n s t r u c t  a c omp u t e r mo d e l t o  d e t e r m i n e  t he . s o l a r 
f ract ion t ha t  can be supp l i ed fo r each type o f  co l l ecto r 
u s e , b a s ed o n  c o l l e c t o r p e r f o rma n c e d a t a  a n d  en e r gy 
management data f rom actua l fa rms . 
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7 )  Pe r f o rm a comp l et e economic ana l ys i s  o f  the p ropo sed 
c o l l e c t o r b a s ed u p o n  c u r r e n t  and p r o j e c t e d  e c on om i c  
pa ramete r s . 
,CQ,l,lector Design 
T h e  b a s i c s ha p e  o f  t h e  So l a r  E n e r gy I n t en s i f i e r ­
The rma l En e r gy S t o r ag e  ( S E I -TE S) S Y 1i t em ha s e v o l v e d  
throug h  app r o x ima t e l y  s i x  yea rs o f  s o l a r  ene r gy r esea rch. 
I t  wa s d e t e r m i n ed t h r o ug h  t e s t i n g  t ha t  n e a r o p t ima l 
pe r f o rmanc e  had been r eached (He l l i ck son , e t .a l , 1 9 8 1 and 
Van Z w e d en , 1 9 8 2 ) . P r o b l em s  e x i s t e d  i n  c o n s t r uc t i o n  
techniques s u i tab l e  fo r a comme rc i a l  p r o d uc e r  because the 
sys t em wa s d e s i gned fo r produc t i on by the u s e r s .  Longt e rm 
mate r ia l  deg rada t i on was a l so obs e r v ed on s ome components.  
To s o l v e t h e s e p r o b l ems , w o r k  w� s b e g u n  i n  c on j un c t i on 
with a des i gn g ro up to s impl i fy co l l ecto r c ons t r uc t ion and 
to inc r ea s e  system l i fe expectancy. 
T h i s  r e s u l t ed in an imp r o v e d d e s i g n w h i c h  w i l l  b e  
s u f f i c i en t  t o  m e e t  t he i r o b j e c t i v e s  o f  1 )  i mp r o v i n g  t he 
ease o f  mov ing the co l l ecto r and r ef l ec t o r ,  2) inc r eas ing 
i t s l i f e s pa n  a n d  d u r a b i l i t y , and 3 )  l ow e r i n g i t s c·o s t  o f  
p roduc t i on th rough s tanda rd i z a t ion.  To inc r ease the uni t s  
po r t ab i l i ty ,  i t  wa s d e s i g n e d  a s  a mo d u l a r  s y s t em w i t h 
modu l e  d imen s i ons d i c tated by the ava i l ab l e  s i z es of  g l as s  
c o v e r  p l a t e  ma t e r i a l  a n d  w i d t h  o f  r e f l e c t i v e  ma t e r i a l .  
Both c o l l ecto r and r ef l ecto r mod u l e s  a r e  eas i l y hand l ed by 
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two men . C o l l e c t o r a n d  r e f l e c t o r i n s ta l l a t i on s  w e r e  
spec i f i e d  i n  mu l t i p l e s  o f  t h e s e  un i t s .  T h e  w o o d en b a s e s  
requ i r ed fo r g r a in d ry ing and ven t i l a t ion a i r heat ing we r e  
l e f t  u n c h a n g e d .  T h e s e  c ou l d  b e  m o r e  e a s i l y a n d  
economica l l y con s t ructed a t  the s i t e  becau s e  l it t l e  sk i l l  
o r  equ i pmen t  a r e  r equ i r ed .  Base mat e r ia l s a re a v a i l ab l e  
a t  l oca l lumb e r ya r d s ,  and the i r r e ta i l  co s t s  we r e  used to 
e s t ima t e  b a s e  c ompo n en t  c o s t s .  Ro c k  f o r t he t he rma l  
s to rage i s  a l so usua l l y ava i l ab l e  l oca l l y ,  and becau s e  o f  
prohib i t i ve l y  h i gh shipp ing_ c o s t s  i t  was d ec ided to r e l y 
on l oca l supp l i e r s  fo r roc k .  Roc k  shou l d  b e  conta ined by 
a wi re mes h  to expedi t e  r e l ocat i on of the co l l ec t o r .  
Co l l ec t o r and r ef l ecto r l i fe span we r e  inc reased by 
spec i fying mo r e  du r ab l e  ma te r ia l s  and co r ro s i on r es i stant 
protec t i v e  c o v e r i ng s .  Bas s e t t  ( 1 9 8 3) not ed tha t afte r on e 
yea r o f  o p e r a t i o n ,  ru s t  wa s appa r e n t  o n  t he c o l l e c t o r 
f r ame du e t o  t h e  t en d a n c y  o f  mo i s tu r e  t o  c o n d e n s e  i n  t h e  
s p a c e s  b e t w e e n  t h e  g l a s s  a n d  p l y w o o d .  P l a s t i c  o r  
f i b e r g l a s s  w a s c o n s i d e r e d bu t w a s f ou n d  t o  b e  c o s t  
prohib i t i v e ,  a s  w e r e  p l a s t i c  spray o r  d i p  c o a t i n g s . . Some 
typ e s  o f  h i g h  t empe r a t u r e  pa i n t s  o r  b a k e d  powd e r s  w e r e  
found t o  b e  adequat e ,  but fac i l i t i es f o r  t he i r  app l ication 
w e r e  n o t a v a i l ab l e  a t  t h e  p r opo s e d  manu f a c tu r i n g  p l an t .  
Ga l van i z ed s heet meta l was spec i f i ed fo r a l l meta l pa rts 
e xp o s e d  to the w e a t h e r b e c au s e  i t  w a s the m o s t  p r a c t i c a l 
of the ava i l ab l e  a l t e rna t i v es.  
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Manufactur ing 
M an u f a c t u r i n g  p r o c e s s e s  w e r e  s p e c i f i ed w i t h t he 
a s s i s t a nc e  o f  e xp e r i en c e d  p e r s on e l a t  t he m a n u f a c t u r i n g  
p l ant. Each s eparate component o f  bo th t he c o l l ecto r and 
the r e f l e c to r  w a s ana l y z e d to s e l e c t  a pa r t  t h a t w o u l d  
fu l f i l l  i ts des i gn ro l e  wh i l e  min imi z ing i t s  c o s t .  Co st 
r e d uc t i on s  w er e  a c h i e v e d  b y  d ec r e a s i n g  a s s emb l y  a nd 
we l d i n g  s t e p s ,  s t a n d a r d i z i n g  d e s i g n s  f o r n e a r l y  s i mi l a r  
pa rts , and spec i f ing the shea r ing o f  b l ank s from s tock so 
as to r e d u c e  w a s t e  and i n v e n t o r y  r e q u ir eme n t s .  I t  wa s 
fo und t ha t  i n  a l mo s t  a l l ca s e s  i t  w a s  m o r e  e c o n om i c a l t o  
p r o d uc e s ha p e d  s t o c k  i n  t h e  f a c t o r y r a t her t han b uy p r e­
fo rmed stock from outs ide sou rces.  Thi s  res u l t ed in l a rge 
c o s t  s a v i n g s  i n  c o l l e c t o r fr a m e  a n d  r e f l e c t o r r i b  
product i on . 
By us ing t ime and mot ion data co l l ec t ed p r e v ious l y  
by the manufactur ing p l an t ,  t h e  t ime r a t e  o f  wo r k  f o r  each 
par t w a s c a l c u l a t ed .  T h e s e  v a l u e s  w e r e  b a s e d o n  t h e 
capac i ty o f  the mach ine s ava i l ab l e  and the numbe r o f  steps 
r e q u ir e d t o  pr o d u c e  e a c h  p a r t .  K i r c h o f f e r  ( 1 9 8 3 )  
e s t ima t e d  t ha t  c u r r e n t  w ho l e s a l e  s t o c k  m e t a l p r i c e s  
av erag ed app r o x ima t e l y  $. 8 8/kg ( $. 40/ l b) , and t ha t  c u r r ent 
l a b or c o s t s  a v er a g e d  $ 1 2 .00 p e r ho u r .  T h i s l a b o r c o s t  
val ue rep r es ent s  the manua l l abo r and mac h in e  c o s t s , b ut 
d o e s  n o t  c o v e r  o v e r h e a d  c o s t s  s u c h  a s  e n g i n e e r i n g  a n d  
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bui l d ing expen se s .  
The man ufact u r ed c o s t  was ca l c u l a ted by s umming the 
tota l l abo r and mat e r i a l  co s t s  fo r each pa r t  in the un i t. 
Th i s  c o s t  c an b e  mu l t i p l i ed by a fa c t o r  o f  2 . 9  t o  3 .5 ,  
depend in g  upon dea l e r d i s coun t s ,  t o  a r r i v e  a t  the reta i l  
c o s t  f o r t h e  a v e r a g e  man u f a c t u r ed p r o d u c t  ( K i r c hho f f e r ,  
1 9 8 3 ) .  A f a c to r o f  3 . 0  w a s  a s s um e d  a d eq u a t e  f o r t h i s  
study . 
Solar Usage Model 
In o r d e r t o  e s t ab l i s h an ac c u r a t e  v a l u e f o r  t he 
amo un t o f  s o l a r  en e r gy t ha t  a fa rm e r c o u l d  e xp ec t t o  
uti l i z e  b y  emp l oy ing t he co l l ecto r ,  i t  was f i r s t  n ec e s sa ry 
to deve l op a mode l o f  the avai l ab l e  so l a r  en e r gy.  Ea r l i e r  
model s (He l l ic k son ,  1 9 7 9 , and SOLCOST , 1 9 8 0) u s ed ave rage 
dai l y  rad i a t i on data tha t  we re ba sed on week l y  o r  mon th l y  
to t a l s . T h e s e  v a lu e s  g i v e an a pp r o x i ma t i on o f  e x pec t ed 
so l a r  en e r g y ,  b u t  t h e y  d o  n o t  c on s i d e r  t h e  e f f ec t  o f  s o l a r  
int ermi ttancy, which i s  v e ry impo r tan t in an ana l ys i s  of  
so l a r  syst em econ om i c s . I t  become s even mo r e  d e s i rab l e to 
model t he so l a r  in so l at i on ext remes in the c on s i d e rati on 
o f so l a r en e r g y  u s e s  f o r ag r i cu l t u r e  b e c a u s e o f  l i m i t ed 
s t o r a g e  c a pa c i ty .  T he r e f o r e ,  ene r g y t ha t  i s  n o t  u s ed 
w i t h i n t h e  d a y  i t  i s  a v a i l a b l e  i s  c on s i d e r e d l o s t .  
Lik ewi s e , ene r gy tha t  i s  avai l ab l e ,  but n o t  n eeded by the 
app l i c a t i on at t h e  t i me o f  i t s  a v a i l ab i l i t y i s  o f  n o  
economi c  v a lue. 
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B o t h  t h e  e x pe c t e d  r a d i a t i o n · a n d  t h e  s o u r c e s  o f  
i n t e rm i t t an c y  w e r e  c o n s i d e r ed w h e n  g e n e r a t i n g  t h e s e  
v a r i a t i o n s  i n  a mo un t s  o f  s o l a r  r a d i a t i o n s t r i k i n g  t h e 
c o l l e c t o r .  L u n d e  ( 1 9 8 0 )  r e p o r t s  t h a t s i n c e  t h e  
e x t r a t e r r e s t r i a l  s o l a r  i r r a d i a n c e  v a r i e s  on l y  s l i g ht l y  
t h r o ug h o u t  t h e  y e a r ,  t h e  i r r a d i a t i o n o n  t he e a r t h ' s  
s u r fa c e  c ha n g e s  d u e  t o  t h e  c h an g i n g  pa t h  o f  s un t h r o ug h  
t he s ky .  Th i s  c ha n g e  i s  q ua l i f i ed b y  t h e  d e c l i n a t i o n 
a ng l e , wh i c h  v a r i e s  f r om + 2 3 . 4 5  d e g r e e s  o n  J un e  2 1  t o  -
2 3 . 4 5  deg r e e s  on Decemb e r  2 1. 
The hou r l y  d i st r i b ut i on of  so l a r  ene rgy i s  dependent 
on the s un ' s  a l t i tude ang l e ,  exp r e s sed a s  ( MWPS , 1 9 8 3 ) : 
S i n ( AL ) =Cos ( L ) *Co s ( D ) *Cos ( H ) +Sin ( L ) * Si n ( D )  
whe re : AL=Alt i tude angl e ,  deg . 
D=Dec l inat i on angl e ,  deg . 
H=Ho u r  angl e , deg . 
L=Lat i tude angl e  ( B rook i n g s=4 4 . 3  d eg . ) 
F rom the ext r at e r r es t r ia l i r rad ia t i on constant and 
a l t i t ude ang l e , tha hou r l y  so l a r  r ad i a t i on no rma l to the 
e a r th ' s  s u r fac e can be ca l c u l ated by ( MWPS , 1 9 8 3 ) : 
I DN=A/exp ( B/S in ( AL )  
whe re : A , B  =Monthly constants ( Tabl e 3 )  
I DN = D i r ect no rmal insol a t ion , kW/m3 
Thes e  hou r l y da ta can be con v e r ted to r e p r e s en t  the 
amount inc iden t  on the 60 deg ree co l l ec t o r  s u r face ( MWPS ,  
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Tab le 3 .  
Month 













Monthly solar ins olation data (ASHRAE , 19 74) , and calculated values . 
Declanation S olar Cons t ants  Calculated Average I ns olation 
Angle  A B c (w/m2/day) 
(deg . )  (w/m2) ----- - - --- Horizontal 60° 
-20 . 0 756  0 . 1 42 0 . 058  2 23 8  6092 
- 10 . 8  7 88 0 . 144  0 . 060 2874  5504 
o . o  945  0 . 1 56 0 . 07 1  3836 5029 
1 1 . 6  89 8 0 . 1 80 0 . 09 7  44 1 1  4 1 29 
20 . 0  9 45 0 . 1 9 6  0 . 1 2 1  5 10 7  3900 
2 3 . 5 1087  0 . 205 0 . 1 34 6 720 4722  
20 . 6  882 0 . 207  0 . 1 36 59 74  4476  
1 2 . 3 85 1 0 . 20 1  0 . 1 2 2  5380 49 5 2  
o . o 7 88 0 . 1 7 7  0 . 09 2  42 1 5  5530 
-10 . 5  662 0 . 160 0 . 07 3  2833 5 33 1  
- 19 . 8  646 0 . 1 49 0 . 06 3  1 89 5  50 70 
-2 3 . 5 662  0 . 142 0 . 057  1 587 4906 
+' 00 
1 9 8 3 ) .  L i s t  ( 1 9 6 6 )  d e t a i l s  a me t ho d  f o r b r e a k i ng t h e  
inso l a t i on i n t o  i ts d i rect and di f f u s e  c omponen t s .  These 
componen t s  a r e  r equ i red for p r ed i c t i ng the pe r f o rmance of 
the r e f l e c t o r w h i c h  i s  o n l y  a b l e  t o  u t i l i z e  t h e  d i r e c t  
beam componen t o f  the tota l so l a r  rad i a t i on .  
C l oud i n e s s  i s  the dominant facto r i n  d et e rmin ing the 
amo u n t o f  e x t r a t e r r e s t r i a l i r r ad i a t i o n  t ha t  r e a c he s  t h e  
ea r th ' s  s u r fa c e .  C l o ud iness d a t a  o b se r v ed a t  H u ron , South 
D a k o t a  f o r 4 1  y e a r s  w e r e  u s ed to s i mu l a t e  t h i s e f f e c t .  
The data a va i l ab l e c l a s s i fy the enti r e  s un r i se t o  s unset 
p e r i o d  as e i t h e r 1 )  C l ea r - l e s s  t ha n  1 %  c l o u d  c o v e r ,  2 )  
Pa r t l y  C l o udy- between 1 %  and 5 0 %  c l oud cov e r ,  3 )  C l oudy­
b e twe e n  5 0 %  a n d  9 9 %  c l o ud c o v e r ,  o r  4) O v e r c a s t - 1 0 0 %  
c l oud co v e r  (Tab l e  4). To ca l c u l a t e  the expec t ed ho u r l y  
i n s o l a t i on ,  e a c h  c l e a r  d a y  v a l u e wa s m u l t i p l i e d  b y  a 
f a c t o r o f  e i t h e r . 9 9 ,  . 7 5 ,  . 2 5 , o r  0 ,  a n d  t h e  a pp r o p r i a t e  
n umb e r o f  d a y s  i n  e a c h c a t a g o ry w a s  r a n d om l y  l o c a t ed 
t h r o u g ho u t  e a c h  mo n t h  by t he c ompu t e r � T o  c he c k  t he 
v a l i d i ty o f  t h e s e  a s s ump t i o n s , da i l y a v e r a g e s  f o r e a c h  
month we r e  c a l c u l a ted and compa red t o  data a v a i l ab l e  fo r 
B rook ing s ,  SD , St C l oud ,  MN,  and Fa rgo , ND. 
H o u r l y  o u t s i d e  t empe r a t u r e  v a l u e s  w e r e  s i mu l a t ed 
u s i n g  a t e c hn i q u e  o u t l i n e d  by C h r i s t i a n s o n  ( 1 9 7 6 ) . Th i s  
type o f  s i mu l a t i o n  u t i l i z e s  t h e  a v e r a g e mo n t h l y  ma x i mum 
and min imum t empe ratu r es and the i r co r r espond i ng standa rd 
d e v i a t i o n s  ( t ab l e  5 ) . D i u r n a l t empe r a t u r e  f l u c t ua t i o n s  
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Tab le 5 .  Monthly average temperature data (Chris tians on ,  1 9 76) .
* 
Average Average S tandard S tandard 
Month Maximum Minimum Deviation Deviation 
(oC) (oC) of Max . of Min . 
January -5 . 0  - 1 6 . 8 1 4 . 300 1 4 . 4 7 8 
February -2 . 6  - 1 4 . 5  1 3 . 82 1  1 5 . 2 1 7  
March 4 . 5 -7 . 4  1 4 . 1 30 1 2 . 426 
April 1 3 . 9  0 . 2  1 3 . 9 9 5  9 . 5 82 
May 20 . 7 6 . 4  1 2 . 0 2 1  10 . 054 
June 25 . 7  1 2 . 1  8 . 9 4 9  8 . 0 3 7  
July 2 9 . 1  1 4 . 6 9 . 9 8 3 8 . 2 8 7  
Augus t 2 8 . 3  1 3 . 5  8 . 25 1  7 . 9 87 
S eptember 2 3 . 1  8 . 2  1 2 . 309 1 1 . 0 84 
October 1 6 . 2  1 . 6 1 3 . 3 7 8  1 0 . 50 7  
November 5 . 7 -6 . 3 1 3 . 49 5  1 1 . 1 9 4  
December -2 . 1  - 1 3 . 2  1 3 . 40 8  1 3 . 700 
* 
7 8  year averages observed at Brookings , S outh Dako ta . 
* 
Table 4 .  Monthly cloudiness data (Lytle , 1 983) . 
Month Days/mo . Clear Par t ly Cloudy 
(99%) (75%) 
January 3 1  8 8 
February 28  6 8 
March 3 1  5 8 
April 30 6 9 
May 3 1  7 10 
June 30 9 1 1  
July 31 1 2  1 3  
Augus t 3 1  1 2  1 2  
September 30 1 2  8 
Oc tober 31  1 1  9 
November 30 7 7 
December 3 1  7 7 
* 
4 1  year averages observed at Huron , South Dako t a . 
Cloudy 
( 25%) 
1 3  
1 2  
1 6  
1 4  
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Table 5 .  Monthly average data (Christianson , 1 9 7 6 ) . 
* 
temperature 
Average Average S tandard S tandard 
Month Maximum Minimum Deviation Deviation 
(oC)  (oC) of Max . of Min . 
January - 5 . o  - 1 6 . 8 1 4 . 300 1 4 . 4 7 8 
February -2 . 6  - 1 4 . 5  1 3 . 82 1  1 5 . 2 1 7  
March 4 . 5 - 7 . 4  1 4 . 1 30 1 2 . 426 
April 1 3 . 9  0 . 2  1 3 . 99 5  9 . 5 82 
May 2 0 . 7 6 . 4  1 2 . 0 2 1  10 . 0 54 
June 25 . 7  1 2 . 1  8 . 9 49 8 . 0 3 7  
July 2 9 . 1  1 4 . 6  9 . 9 8 3  8 . 2 8 7  
Augus t 2 8 . 3  1 3 . 5  8 . 25 1  7 . 9 8 7  
S eptemb er 23 . 1  8 . 2 1 2 . 309 1 1 . 0 84 
October 1 6 . 2  1 . 6 1 3 . 3 7 8  1 0 . 50 7  
November 5 . 7 -6 . 3  1 3 . 49 5  1 1 . 19 4  
December -2 . 1  - 1 3 . 2  1 3 . 40 8  1 3 . 700 
* 
7 8 year averages observed at B rookings , S outh Dako ta .  
a r e  a s s umed to fo l l ow a s inuso ida l c u rv e  w i t h  a max imum a t  
2 p m  a n d  a m i n i m um a t  6 am ( Ch r i s t i an s o n , 1 9 7 6 ) . The 
da i l y  t empe r a t u r e  c u r v e  was sh i fted to r ep r e s en t  the days 
o f  t h e  m o n t h  b y  a s s u m i n g  d a i l y  m i n i m u m  a n d  m a x i m u m 
tempe ratu r es a r e  no rma l l y d i s t r ibuted ,  s o  that they can be 
estab l i shed us ing 3 0  equa l " z "  di s t r ibution p robab i l i t ies 
(Lyt l e , 1 9 83 ) . Each month was a l te rna te l y  pat t e rned f rom 
c o l d  t o  h o t a v e r a g e  t empe r a t u r e s  to a c h i e v e  c o n t i n u i ty 
b e t w e e n  mo n t h s .  A s ec o nd a pp r o a c h  w i t h  t em p e r a t u r e  
f l uctua t i on s  random l y  d i spe r sed throug ho u t  the month by 
u s i n g  a r a n d o m  n umb e r  t ab l e  wa s u s e d  t o  c o mp a r e  t he 
e f f e c t s  o n  d i s t r i b u t i o n  o f  c l ea r  a n d  c l o u d y  d a y s  d u r in g  
the month.  
Energy � Study 
A c a s e  s t u dy a pp r o a c h  o f  two typ i c a l e a s t e r n  So u t h  
Dakota fa rms was u sed t o  dete rmine the l ik e l y  u s e f u l ness 
of the S E I -T E S  s y s t em .  The c r i t e r i a  f o r  c h o o s i n g the 
fa rms s u r v eyed wa s t ha t  they be poten t i a l ma r k et s  fo r the 
c o l l e c t o r  u s e s  p r e v i o u s l y  s t u d i ed ( i . e . , t ha t  t hey 
inc l ude g ra i n  d ry ing , fa r rowing house hea t ing , and wa t e r  
h e a t i n g )  a n d  t h a t  t h e y  b e  o f  a r e p r e s e n t a t i v e  s i z e  
compa red to typi ca l No rth Cent ra l fa rms .  Th i s  wa s done by 
r e v i e w i n g  f a r m  t y p e , s i z e  a n d  i n c o m e  d a t a  f r o m  T h e  
Ag r i c u l tu ra l  Cen s u s  ( 1 9 8 0 ) , and the f ina l s e l ec t i on o f  two 
f a rme r s  wa s ma d e  f r om r e c omenda t i o n s  b y  L o u i s  L ub i n u s  
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( 1 9 8 3 ) , Ag r i c u l tu ra l  Eng inee r ing extens i on spec i a l i s t .  A 
q ue s t i on a i r e ( f i g u r e  8 ) , wa s s en t  t o  t h e s e  fa r �e r s  t o  
dete rmine facto r s  s uch a s  ene rgy u s e  and c o s t s  fo r each o f  
the t h r ee pos s ib l e so l a r  co l l ec t o r  appl i ca t i o n s .  
Solar Fraction MOdel 
B o t h  t he a c t u a l f a rm e n e r gy u s e  d a t a  an d a c t u a l  
co l l ec to r pe r f o rmance data we r e  uti l i z ed to d et e rmin e  the 
so l a r  f ract i on ,  a s  a func t ion of  co l l ec t o r s i z e. Requi r ed 
g r a i n d r y i n g e n e r g y  w a s c a l c u l a t e d f r o m  t he r epo r t ed 
d ry i n g  r a t e  a n d  t h e  amo u n t  o f  mo i s t u r e  b e i n g  r emo v e d .  
Av a i l ab l e  e n e r gy f r om t h e  c o l l e c t o r p e r u n i t  a r e a  i s  
d e p e n d e n t o n  t he i n c om i n g  s o l a r  i n s o l a t i o n  a n d  a i r f l ow 
r a t e .  F r om e m p i r i c a l e q ua t i o n s  d e v e l o p e d  b y  V a n  Z w e d en 
( 1 9 8 2 )  u s i n g  a n  a i r f l ow r a t e  o f  6 6  m3 /m i n ,  t h e  h o u r l y  
en e r g y  c o l l e c t e d w a s c a l c u l a t ed .  Th i s  h o u r l y  e n e r gy 
a v a i l a b l e  w a s s umme d  f o r  t h e  e n t i r e d a y  a n d  c ompa r e d t o  
the ene rgy requ i r e d ,  t o  ca l c u l at e  the s o l a r  f r act i o n .  
Ca l cu l a t i on o f  ene rgy r equi red fo r f a r r owing house 
v en t i l a t i on a i r  h e a t i n g  u t i l i z e s  the b a l a n c e · po i n t  
tempe ratu r e  a pproach ( MWPS ,  1 9 8 3 ) . By a s s um in g  a constant 
c on d u c t i o n h e a t  l o s s  and v e n t i l a t i o n  h e a t  l o s s ,  t h e  
b a l a n c e po i n t  t empe r a t u r e  i s  t h e  o u t s i d e  t empe r a t u r e  a t  
wh i c h  t h e  s en s i b l e h e a t  p r o d u c e d  by t h e  a n ima l s a n d  
e q u i p m e n t i s  e q u a l t o  t h a t  l o s t  b y  c o n d u c t i o n  a n d  
v en t i l a t i on .  Any a dd i t i on a l hea t mu s t  b e  s u pp l i e d by 
so l a r  or con v en t iona l f ue l s . 
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Figure 8 .  Farm energy use ques tionnaire . 
I Gra i n D ryi ng 
1 .  P l e a s e  bri e fl y  des c r i be the gra i n d ry i n g  method . 
2 .  D u r i n g  wha t  da tes i s  g ra i n us ua l l y  dr i ed ?  ( i . e .  n orm a l  s ta rt i n g  a n d  
fi n i s h i n g dates ) 
3 .  W h a t  type o f  fue l  i s  us ed ? ------------------------------------------
W h a t  does i t  c os t ?  ----------------------------------------------­
What i s  t h e  average tota l fue l  b i l l ?  ---------------------------------
4 .  P l ease g i ve an a pprox i ma te cos t bre a kdown �o r pres e n t  gr a i n d ry i n g  sys tem 
( i . e .  c os t  of drye r ,  au gers , b � ns )  a nd t he i r  a p p r ox i ma te u s e fu l  l i fet i me . 
5 . W h a t  i s  the ra te of d ry i n g ? --------------------------------------­
H ow m u c h  mo i s t u re i s  removed ( % } ? -------------------------
I I  Fa rrowi ng B u i l d i ng Ve n t i l a t i o n A i r Heat i ng 
1 .  H ow ma ny s ows a re fa rrowe d ea ch yea r ?  --------------------------
2 .  How m a ny s ows a re us ua l l y  fa rrow i n g  d u r i n g  the w i n t e r  mon th s ? ---------
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3 .  P l e a s e  draw a s ke t c h  o f  bu i l d i n g  cros s - s e ct i o n i n c l u d i n g  l oc a t i o n  o f  fa ns , 
a i r  i n ta ke , fa rrow i n g  c ra te l o ca t i o n , a nd aux i l l a ry hea t s o u rces a n d  types . 
4 .  W h a t  type of fue l i s  u s e d ?------------------------------­
W h a t  does i t  c os t ?  ---------------------------------------­
Wha t i s  t h e  a v erage fue l b i l l  for each month o f  t h e  h e a t i n g s e a s o n ? 
I I I  Wate r H e a t i ng 
1 .  W h a t  i s  the ·a ve ra g e  amo un t of h ot wa te r u s e d  on t h e  fa rms t e a d  d ur i n g  the s p r i n g 
a n d  s u�er months ?----------------------------------------------
2 .  W h a t  typ e  o f  fu e l  i s  u s e d  to hea t wa ter ?--------------------------
3 .  Wh a t  i s  the es t i ma ted mo n th l y  co s t  to h e a t  wat e r ? ---------------------
P r ed i c t i n g  e n e r g y  o u t p u t  f r o m  t h e  c o l l e c t o r a n d  
s to rage un i t  i s  c omp l icated b y  heat t rans f e r  between them. 
H e l l i c k s o n  ( 1 9 8 0 )  r e po r t e d on t h e  d e v e l o pm e n t o f  a h e a t  
t ran s f e r  mod e l o f  t he co l l ec to r ' s  t he rma l ene rgy s to rage 
un i t  t h a t  e x h i b i t e d g o o d  c o r r e l a t i o n b e tw e en a c t ua l a n d  
p r ed i c t ed o utput t empe ratu r es p ro v i ded the a i r  t empe rat u r e  
g o i n g i n t o  t h e r o c k s  w a s k n o w n . H o u r l y  e m p i r i c a l 
equat i on s  we r e  dev e l oped fo r p r edi c t i on o f  t h e  t empe r a t u r e  
r i s e  t h r o ug h  t h e  c o l l ecto r a s  a f unct ion o f  incom ing s o l a r  
r a d i a t i o n ( V a n  Z w e d e n , 1 9 8 2 ) . B y  c omb i n i n g  t h e  l i n e a r 
t empe r a t u r e  p r ed i c t i on e q u a t i on s  a n d  t h e  r o c k  s t o r a g e  
mode l ,  the ene r gy coming f rom the sys t em was p r ed i cted on 
an h o u r l y  b a s i s . The mo d e l wa s c ompa r ed w i t h  a c t ua l 
p e r f o rman c e  d a t a  t o  a s s u r e  i t s  v a l i d i ty .  E n e r g y  o u t p u t  
v a l u e s  w e r e  c o m p a r e d  t o  f a r r o w i n g  h o u s e  e n e r g y  
r eq u i r emen t s  e v e ry hou r  to ca l c u l a t e  the amount o f  s o l a r  
en e rgy s upp l i ed t o  the tota l l oad o r  the s o l a r  f ra c t i on.  
W a t e r h e a t i n g  e n e r g y  d e m a n d  w a s d i f f i c u l t  t o  
d o c u m e n t f o r t h e  f a r m s  s u r v e y e d ; t h e r e f o r e ,  i t  w a s  
c a l c u l a t e d u s i n g  a m e t h o d  r ec ommend e d  b y  M ey e r s , e t . a l .  
( 1 9 7 8 ) . O u t p u t  t empe r a t u r e  and en e r g y  c o l l e c t e d w e r e  
e s t i ma t e d u s i n g  c o l l e c t o r  w a t e r  h e a t i n g  p e r f o rma n c e  
equa t i on s  dev e l oped by Remund ( 1 9 8 3 ) .  The ene rgy p r o v i ded 
w a s c om p a r e d t o  t h e  f a r m ' s t o t a l w a t e r  h e a t i n g  e n e r gy 
requ i r ement s on a da i l y bas i s  to achi e v e  a s o l a r  f ract i on 
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v a l ue.  The r es u l tan t so l a r  f ract ion fo r each u se and each 
co l l ecto r a r ea was then used in the econom i c  ana l ys i s. 
Economic Model 
So l a r  system economic fea s i b i l i ty i s  a ffected by a l l  
o f  the econom i c  pa r amat e r s  d i sc u s sed p re v i o u s l y. Ba r l ey 
( 1 9 7 7 )  s ugge s t s  1 0  cash f l ows to cons ide r when c a l c u l a t ing 
t h e t o t a l p r e s en t  w o r t h  o f  a s o l a r  s y s t em .  Th e s e  c a s h  
f l ows a re :  
1 )  Loan downpayment 
2 )  Salvage val u e  
3 )  I n s u rance c o s t s  
4 )  Mo r tg ag e  payments 
5 )  Ope rat ing c o sts 
6 )  Ma intenance c o s t s  
7 )  Convent i onal f u e l  c o s t s  
8 )  Prope r ty taxes 
9 )  Inve stment tax c redi t  
1 0 )  Tax deduct i ons 
The p re s ent wo r th of  each o f  s imi l a r  c a sh f l ows wa s 
c a l c u l a t e d  i n  t h i s s t udy by mu l t i p l y i n g  t h e  a pp r o p r i a t e  
c a s h  f l ow b y  i t s  p r e s en t  wo r t h  f a c t o r ( PWF ) , g i v e n by 
Wh i t e ,  e t .  a 1 • ( 1 9  7 7 )  • The p r e s e n t  w o r t h  f a c t o r s  we r e  
cons i d e r ed a s  g eome t r ic s e r i e s  expans i on s  o f  t h e  f o r m :  
[1- (l+i l� !l+d) -n J 
PWF = ( d- i ) 
and we r e  ab r ev iated a s  PWF (n , i , d )  whe r e :  
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n= the pe r i od o f  analysi s ,  y r s . 
i = the geomet r i c  rate of  inc r eas e ,  % 
and d= the p r e sent val ue d i s count r at e , % 
The equa t i on s  used to ca l c u l a te the p r esent wo rth of 
e a c h  c a s h  f l ow a r e  g i v e n  in t ab l e  6 .  P r e s e n t  w o r t h  o f  t h e  
n e t  s a v i n g s w a s c a l c u l a t ed by s u b t r a c t i n g  t h e  p r e s en t  
wo r t h  o f  c o s t s  a ss oc iated with a g i ven co l l ecto r a r ea f rom 
those f o r  the no-so l a r  case.  Optima l c o l l �c t o r  a r ea can 
be dete rmined by g raphing the tota l c o s t s  a s s oc i a ted with 
each a r ea , and choos ing the c o l l �cto r a r ea w i th the l east 
tota l c o s t s .  
F u e l  inf l a t ion r a t e  was repo r ted to hav e  the l a rgest 
e f f ec t  on c o l l ec to r economic v i ab i l i ty.  Sa v in g �  ba sed . on 
a po s s ib l e  ran g e  o f  f u e l  i n f l ation rates we r e  ca l c u l ated 
t o  d e t e r m i n e  t h e  f u e l i n f l a t i o n e f f e c t  o n  o p t i m a l 
co l l ecto r a r ea .  A sen si t i v i ty ana l ys i s  was pe r fo rmed by 
va rying on e pa r amet e r  such a s  prope r ty tax rate , inte r est 
rate , g en e r a l i n f l a t i on rate , di scount r�t e ,  o r  i nc ome tax 
--· 
rate-- whi l e  ho l d ing a l l other s at the i r bas e  c a s e  l e ve l s . 
L e a r n i n g c u r v e  d a t a  s ug g e s t  t ha t  c o l l e c t o r c o s t s  may 
d e c r e a s e  w i t h i n c r e a s ed p r o d u c t i o n l e v e l s . P r o d u c t i o n  
c o s t s  we r e  dec r eased t o  9 0 ,  8 0 ,  and 7 0  pe r c en t  t o  ob se r v e  
t h e  e f f ec t  o n  s a v i n g s  t h a t  may o c c u r  f r om a r ed uc t i on i n  
costs due to t h e  l ea rn ing c u r v e  effect. 
An i t e r a t i v e  l o o p  wa s i n s t a l l ed in t h e  p r o g r a m  to 
ca l c u l a te the r et u rn on investment. The d i sco unt r ate was 
5 7  
Tab l e  6 .  Ca sh f l ow p r e s ent wor th equa t ion s . 
PW o f  Downpayment : The pre s ent worth o f  the 
downpayment is s imp ly the downp ayment amoun t . 
PW o f  Int ere s t  Payment s :  � 
PW . = { Cb +A *Ca ) * ( 1 - a )  * [ PWF ( m ' 0 ' �) PWF ( m ' i , d ) ] 1nt . PWF (m , o , 1 ) - PWF {m , i , o ) 
PW o f  Pr inc ip l e  Paymen t s : 
PW . = ( Cb+A*Ca ) * ( l � a )  * [PWF ( m , i ' d )] pr1n . PWF ( m , i , o )J 
PW o f  Maint enenc e Co s t s : 
PW . =A*Cm* [ PWF (n rm d ) ] ma 1nt . · ' ' 
* 
PW o f  Op erat ing Co s t s : � 
PW =A*Co * [ PWF (n , ro , d ) ]  oper . 
PW o f  Fue l C o s t s* : � 
PWfue l= ( l - F ) * l * ( c f / e ) * [ PWF ( n , rf , d ) ] 
PW o f  Insuranc e Co s t s : 
PW . = ( Cb +A*Ca ) *h* [ PWF ( n , g , d ) ] 1n s . 
Fue l co s t s  were c a l culated s eperat e ly for gra in dry ing ,  
vent i l a t ion air he a t ing ,  and wat er hea t ing .  
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Tab le 6 ,  c on ' t 
PW o f  Prop erty Taxe s : 
PW t 
= ( Cb +A*Ca ) *p* [ PWF {n , g , d ) ] 
p .  . 
PW o f  Inve s tment Tax Credit : 
PWi . t . c . =B* ( Cb +A*Ca ) 
PW o f  Sa lvage Va lue : 
PW l = { Cb +A*Ca ) * s * [ PWF (n , g , d ) ] s a  . . 
PW o f  Deprec iat ion : 
PWd = ( Cb+A*Ca ) * { (
l - s ) /k ) * [ PWF (k , o , d ) ] ep . -
PW o f  Tax Deduc t iS�s :  
PWt = t *  [ PW .  t 
+PH . t +PW t +PW . 
+PHf 1
+ 
ax �n . . ma �n . . p .  . �n s . ue 
PW +PW ] dep . . op er . 
To t a l  Pre s ent Wor th of Co s t s  i s  then : 
PW t =Downpayment +PW . t +PW . +PW . t + c o s  s . �n . . pr�n . ma �n . . 
where : 
PW +PW . +PW +P1� - PW .  -op er . . �n s . . p . t .  fue l � . t . c �  
PWs a l . - PWtax 
Cb = s y s t em b a s e  c o s t s , $ 
2 
Ca = c o l l e c tor ar ea dep endent c o s t , $ /m 
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Table 6 ,  con ' t  
Co = system ope rat ing cost ( in f i r s t  yea r ) , $/m
2 
Cm = syst em mai ntenence cost ( in f i r s t  yea r ) ,  $/m2 
Cf = f ue l  cost ( in f i r s t  yea r ) , $/kWh 
A = c o l l ecto r tota l a r ea , m2 
F = ann ual sola r l oad f ract ion , % 
L = annu a l  heat load ( fo r  u s e  con s ide r ed ) , kWh/y r . 
PWF=economic pr esent wo rth fact o r  
a = downpayment f rac t i on o f  total co s t , % 
b = inves tmen t tax c r ed i t  f raction , % 
d = annua l d i scount rat e , % 
e = hea t e r  eff i c i ency , % 
g = annual g ene ral i n f la t i on rate , % 
h = annual i n s u rance rat e ,  % 
i = ann ua l  mo r tgage inte rest rate , % 
k = dep rec i at ion pe r i od , yea r s  
m = pe r i od o f  ·mo r tgage , yea r s  
n = pe r i od of economic analys i s , yea r s  
o = z e ro 
p = ann ual p rope r ty tax rate , % 
r f  = ann ua l fuel infla t i on rat e , % 
rm = ann ual ma i n t enenc e infla t i on rate , % 
ro = annual ope rat i on cost in f l a t i on r at e , 
s = f rac t i onal salvage val ue , % 
t = annual inc r emental income tax rate , % 
% 
6 0  
inc r emented upw a r d  o r  downwa rd by 0 . 5  pe r c en t ,  unt i l the 
p r e s en t  w o r t h  o f  t h e  s a v i n g s b e c ame z e r o .  T h e  r e s u l t i n g  
d i s c o un t  r a t e  w a s t h e  r e t u r n  on i n v e s tm e n t  f o r t h a t  
pa r t i cu l a r  c a s e. 
T h e  p a y ba c k  p e r i o d  w a s d e t e r m i n ed by c a l c u l a t i n g  
yea r l y  d i sc o unted· c a s h  f l ows based o n  the syst em l i fet ime. 
T h e  p ay b a c k  p e r i o d w a s  d e f i n ed a s  t h e  n umb e r  o f  y e a r s  
unt i l the n e t  p r e s ent wo rth o f  the sav in g s  i s  z e ro .  Thi s  
d i f f e r s  f rom conv ent i ona l methods o f  ca l cu l a ti n g  payback 
wh i c h  us e und i s co unted cash f l ows.  
Both s o l a r  f ract i on and economic c a l c u l a t i on s  we r e  
pe r fo rmed u s ing the mode l fo r both fa rms s u r v eyed . and fo r 
s e v e r a l  p o s s i b l e  c omb i n a t i o n s  o f  u s e s  f o r t h e  s y s t em. 
C a s e s  s t ud i e d , a s  r ep o r t e d  by the f a r m e r w e r e  1 )  g r a i n 
d ry i n g , v en t i l a t i o n a i r  he a t i n g , a nd w a t e r  h e a t i n g , 2 )  
g r a i n d r y i n g a n d  v en t i l a t i on a i r h e a t i n g  o n l y ,  a n d  3 )  
w a t e r  he a t i n g  d u r i n g  t he e n t i r e y e a r .  A s t u d y  w a s  a l s o 
p e r f o r m e d  t o  d e t e r m i n e  i f  t h e  s y s t e m ' s e c o n o m i c  
f e a s i b i l i ty c o u l d  b e  i mp r o v e d  by i n s t a l l i n g  a f an a n d  
d i f f e r en t i a l  t h e r mo s t a t  s y s t em a s  s ug g e s t e d  b y  B a ss e tt 
( 1 9 8 3 ) . Th i s  was t r i e d . b e c a u s e  it  wa s o b s e r v e d  d u r i n g  
v en t i l at i on a i r hea t ing simu l a t i ons that f o r s e v e r a l ho u r s  
each day the a i r  l eav ing the sto rage un i t  wa s coo l e r  than 
o u t s i d e  t emp e r a t u r e s  f o r s e v e r a l h o u r s  e a c h  d a y .  A 
conc eptua l i z a t i on o f  the p r opo sed ,  but un tes t ed ,  add i t i on 
i s  s hown i n  f i g u r e  9 .  






I .  Baffle lets outside air into barn while re-charging the rock 
storage unit when air temperature from th.e: rock a�orage unit 




u • z 
To Barn 
II . Baffle closes to normal operating mode when air temperat ure 
from the rock storage unit is warmer than the outside air 
t emperature . 
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Figure 9 .  Differential thermostat and baffle system conceptualization . 
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RESULTS 
Manufa c t u r i ng costs and the v a l ue o f  the c o l l ected 
s o l a r  en e r g y  w e r e  d e t e rm in ed t o  a ch i e v e  t h e  g o a l o f  
a s s e s s ing the economic fea s i b i l i ty o f  the S E I -TES sys tem 
fo r eas t e rn South Dakota fa rm app l i ca t i on s .  
Manufactur ing Costs 
F ina l c o l l ec t o r  cost was dete rmin ed by conside r ing 
t h e  c o s t s  r e l a t ed to t h e  man u f ac t u r i n g  a n d  r e t a i l i n g 
p r o c e s s e s .  P r e v i o u s t i me a n d  mo t i o n  s t u d i e s  by t h e  
m a n u f a c t u r e r  e s t a b l i s h e d  c o s t s  f o r e a c h  t y p e  o f  
manufac t u r ing ope r a t i on. Each manufac t u r i n g  s t ep r equi r ed 
f o r p r o d u c i ng t h e  S E I -T E S  sy s t em wa s a n a l y z e d ( Ta b l e  7 ) . 
A man u f a c t u r i n g  c o s t  t a b l e  w a s p r ep a r e d l i s t i n g  t h e  
m a c h i n e ,  l a b o r a n d  m a t e r i a l  c o s t s  f o r e a c h  s t e p o f  
manufac t u r e  ( Tab l� 8 ) . Mate r i a l  cost data w e re obta ined 
f r om K i r c ho f f e r  ( 1 9 8 3 )  a n d  r ep r e s en t  a v e r ag e  w ho l e s a l e  
p r i c e s . T o t a l l a b o r a n d  m a t e r i a l s  c o s t s  f o r e a c h  
component we r e  s ummed to obta in the manufa c t u r ed c o l l ecto r 
a n d  r e f l e c t o r s e c t i o n  c o s t s .  T h e  ma n u f a c t u r ed c o s t  wa s 
mu l t i p l i e d  b y  3 . 0  t o  e s t i ma t e  t he r e t a i l p r i c e s  o f  $ 4 7 3  
f o r e a c h  2 . 4  me t e r  l o n g  c o l l e c t o r s e c t i o n  a n d  $ 6 8 2  f o r 
each 2 . 3  met e r  l on g  ref l ecto r section .  
S i t e  p repa ra t i on costs inc l ude the v a r io u s  co l l ec t o r 
ba ses r equ i red , mount ing o f  the ref l ecto r ,  a i r duct s ,  and 
auxi l ia ry equi pment such as the heat exchan g e r and wa t e r  
t a n k .  Th i s  eq u i pm e n t i s  t o  b e  i n s t a l l e d o n  t h e  s i t e .  
Tab le 7 .  Manufacturing s t eps time analys is . 
P d 
* ** 
----------�r�o�c�e�·�u�r�e�-�- ----------------�R�r�s�- �/ 1�0�0�0�--�S�e�t�u�p�/�d�own�-
Collector Top 
1) Shear 1 2 2  em x 2 5 1 . 5  em b lanks 
2 )  Cut-off 40 . 6  em x 2 5 1 . 5  em 
3 )  P unch B . holes - 1 hit 
4) Form 2 60° b ends - 2 hits 
5 )  Cut 2 5 1 . 5  em s tyrofoam 
6) Cut 2 5 . 4  em width 
7) Glue s tyrofoam to metal 
8) Make 8 holes 
TOTAL 
Collector End 
1) Shear sp lit b lanks 
2 )  Cut off corners 
3) P unch 10 ho les - 2 hits 
4) P unch 4 b o ttom holes - 1 hi t 
5 )  Form 9 0° b end 
6) Cut 5 . 1 em s tyrofoam 
7) Glue s tyrofoam to metal 
TOTAL 
Frame S upport 
1 )  Shear 20 5 . 7 em x 1 2 1 . 9  em b lanks 
2 )  Shear to 4 . 42 em x 20 5 . 7 em 
3) Punch 8 holes - 1 hit 
4) Notch 6 QO - 2 hi ts 
5 )  Form 9 0° b end 
6) Form 60° b end 
7) Weld corners and bolts in 
TOTAL 
Frame Bo ttom 
1 1  Shear 2 44 . 5  em x 1 21 . 9  em sheet 
2) Cut off 6 . 0 3 em x 244 . 5  em blanks 
3) No t ch ends - 2 hits 
4) Form channel (wi th die) 
TOTAL 
6 . 0  
7 . 5  
6 . 0  
8 . 5  
1 . 6  
4 . 5  
50 . 0  
5 . 0  
89 . 1  
5 . 0  
7 . 0  
7 . 5  
6 . 0  
6 . 0 
8 . 0  
50 . 0  
89 . 5  
3 . 5  
5 . 5  
6 . 0  
6 . 0  
7 . 0  
9 . 0  
83 . 0  
1 20 . 0  
3 . 5  
5 . 5  
8 . 0  
7 . 5 
2 4 . 5  
0 . 2  
0 . 2  
1 . 0 
1 . 0 
0 . 5  
1 . 0  
3 . 9  
0 . 2 
0 . 7 5 
1 . 0  
0 . 5  
0 . 5  
0 . 5  
0 . 5  
3 . 9 5 
0 . 2  
0 . 2  
1 . 0 
1 . 0 
0 . 5 
0 . 5  
0 . 5  
3 . 9  
0 . 2  
0 . 2  
0 . 5  
0 . 5  
1 . 4  
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Table 7 .  (con ' t)  
Procedure 
Frame Sides . 
* 
Hrs . / 1000 
1 ) Shear 88 . • 9 em x 12 1 . 9  em sheet 2 .  0 
2) Cut off 6 . 0 3 em x 88 . 9  em b lank 2 . S  
3) Notch ends - 2 hits S . O  
4) Form channel (with die) 5 . 0  
TOTAL 14 . 5  
Main Collector Assemb ly 
1 )  S et up frame supports in j ig 
2) Attach abs orber plate 
3) Attach p lywood back 
4) Caulk in glass 
TOTAL 1 500 . 0  
Air Control P artitions - Recirculating Option Only 
1 )  




6 )  
7) 
8) 
9 )  
Drill 5 . 1 em dia . holes 
Cut 10 . 2  em wide plywood s trips 
Drill 5 . 1  em ho les 
S aw  dado cut 
Shear 2 43 . 8 em x 1 2 1 . 9  em b lank 
Cut off 3 . 3 em x 243 . 8  em s trip 
P ierce 9 ho les - 1 hit 
Form 2 90° bends 
Ass-emb le p lywood parts 
TOTAL 
Hold Down Clip 
1 70 . 0  
20 . 0  
100 . 0  
15 . 0  
3 . 5  
5 . 0  
6 . 0  
6 . 5  
200 . 0  
526 . 0  
1 )  Shear 243 . 8 em x 1 21 . 9  em 5 . 0  
2) Cut off 10 . 2  em x 243 . 8 em b lank 6 . 5  
3) P ierce 8 holes - 1 hi t 7 . 0  
4) Form 2 9 00 b ends 8 . 0  
5 )  Form 1500 angle 7 . 5  
TOTAL 34 . 0  
** 
S et up/ down 
0 . 2  
0 . 2  
0 . 5  
0 . 5  
1 . 4  
1 . 0 
0 . 5  
0 . 5 
0 . 5  
0 . 5  
0 . 2  
0 . 2  
0 . 5 
o . s  
o . s  
3 . 9  
0 . 2  
0 . 2  
0 . 5  
0 . 5  
0 . 5  
1 . 9  
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Tab le 7 .  (can ' t) 
P rocedure 
Reflector Vertical Rib 
1 )  Circle shear radius 
2) P unch 1 1  holes - 2 hi ts 
3) Roll back edge 
4)  Bend end flanges 
TOTAL 
Reflective Material Contact P lates 
1 )  Shear 7 6 . 2  em x 1 2 1 . 9  em sheet 
2 )  Cut off 76 . 2  em x 3 . 8  em blank 
3 )  P ie rce 4 holes - 1 hit 
4)  Form 9 0° channel - 2 hits 
5)  Weld 4 bolts in Channel 
6) Assemble reflective panel 
TOTAL 
Ref lector Top and Bot tom Members 
1) Shear 20 3 . 2  em x 1 2 1 . 9  em shee t 
2 )  Cut off 20 3 . 2 em x 7 . 6  em b lank 
3 )  Punch 6 holes - 2 hi ts 
4) Form 90° channel -2 hits 
TOTAL 
Reflecto r  Assembly 
Hrs . / 1000* 
1 70 . 0  
8 . 5 
40 . 0  
10 . 0  
228 . 5  
1 . 0  
1 . 5  
3 . 0  
6 . 5 
so . o  
220 . 0  
232 . 0  
5 . 0 
6 . 5  
8 . 5  
8 . 5  
28 . 5  
1) Cut 1 . 3  em rod to 2 . 3  m leng th 20 . 0  
2) Cut 2 . 54 em pipe to 2 . 3 m length 20 . 0  
3) Weld ent ire frame together 1000 . 0  
TOTAL 1045 . 0  
* T ime in hours to make 1000 p ieces . 
S et up/ down** 
0 . 5  
0 . 5  
0 . 5  
0 . 2 5 
1 .  75 
0 . 25 
0 . 25 
0 . 5 
0 . 5  
0 . 25 
0 . 5 
1 . 5  
0 . 25 
0 . 25 
0 . 5  
0 . 5 
0 . 5  
0 . 25 
0 . 25 
1 . 0 
1 . 5  
** 
Time in hours required to set-up and tear-down machine . 
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Table 8 .  Labor and material cos ts f o r  each collec tor and reflector component . 





Quantity Cos t ($1 __ Part Cos t ($f** 
I .  COLLECTOR UNIT 
Primary Collec tor Top ( 1  needed) 
20 ga . s teel 8 . 7  kg @ . 88/kg 7 . 65 
2 . 54 em s tyrofoam . 67 m2 @ 3 . 0 1 /m2 2 . 02 
Glue 4 . 88 m @ . 04/m 0 . 2 1 
TOTAL . 09 3  1 . 1 16 9 . 88 1 1 . 00 
Collector  End ( 2  needed) 
20 ga . s teel  8 . 3 k� @ . 88/kg 7 . 30 5 .J em s tyrofoam . 9 8 m @ 5 . 39 /m2 5 . 25 
Glue 3 . 0  m @ . 04/m 0 . 1 3  
TOTAL . 09 3 2 . 2 3 25 . 36 2 7 . 59 
Frame Support ( 4  needed) 
10 ga s teel 2 . 7  kg @ . 88/kg 2 . 38 
. 64 em dia . threaded rod . 1 m @  1 . 64/m 0 . 16 
Welding rod . 08 m @ . 08/m 
TOTAL . 1 24 5 . 95 10 . 20 1 6 . 1 5  
Frame Bo ttom ( 2  needed) 
12 ga . s tee l 3 . 44 kg @ . 88/kg 3 . 02 
TOTAL . 026 0 . 62 6 . 04 6 . 66 
()'\ 
-.....J 
Table 8 .  ( eon ' t ) 
LABOR 
ITEM Hours* 
Frame S ides ( 4  needed) 
12 ga . s teel 
Welding rod 
TOTAL . 1 32 
Absorber P late (2 needed) 
20 ga s teel 
TOTAL . 0302 
Plywood Assemb ly ( 2  needed) 
1 . 3  em plywood 
• 95 em sheet metal s crews 
2 . 54 em screws 
TOTAL . 20 1  




2 . 54 em screws 
• 95 em sheet metal screws 
TOTAL 1 . 5  
Hold Down Clip ( 2  needed) 
20 ga metal 
TOTAL . 036 
MATERIALS 
Cos t($) ** Quant ity 
1 . 25 kg @ . 88/kg 
. 08 m @ . 08/m 
6 . 34 
2 1 . 1  kg @ . 88/kg 
0 . 92 
2 . 34 m2 @ 3 . 22/m2 
6 @ . 03 ea • 
6 @ . 03 ea . 
4 . 84 
1 . 5  m @ . 08/m 
8 . 4  m @ . 23/m 
4 . 34 m2 @ 8 . 10/m2 
8 @ . 0 3  ea • 
4 @ . 03 ea . 
1 8 . 00 
2 . 1 1  kg @ . 88/kg 
0 . 86 
Cos t($) 
1 . 10 
0 . 066 
4 . 44 
1 8 . 55  
37 . 10 
7 . 56 
0 . 1 8 
0 . 1 8  
1 5 . 84 
0 . 1 2 
1 .  9 3  
35 . 00 
0 . 24 
0 . 1 2 
37 . 41 
1 . 85 
3 . 70 
TOTAL *** Par t  Cos t ($) 
10 . 78 
38 . 02 
2 1 . 38 
55 . 4 1  
4 . 56 0\ 00 
Tab le 8 .  ( con ' t) 
*LABOR ** MATERIALS TOTAL *** 
ITEM Hours Cos t($) _ Quantity Cost ($) PE.lrt Co�tffi 
II . RECIRCULATING OPTION 
Air Control Partitions and Bracke t ( 2  needed) 
22 ga s teel . 59 kg @ . 88/kg 0 . 52 
. 64 em plywood 1 . 04 m2 @ 3 . 22/m2 3 . 36 
5 . 1 x 5 . 1 em wood 2 . 6  m @ . 60/m 1 . 5 1 
TOTAL . 33 7 . 90 10 . 78 1 8 . 68 
III . REFLECTOR UNIT  
Reflector Ribs ( 4  needed) 
12 ga . s teel 6 . 6  kg @ . 88/kg 5 . 80 
TOTAL . 2 3 1 1 . 04 2 3 . 20 34 . 24 
Reflector Contact P lates ( 1 2  needed) 
16  ga . steel  . 40 kg  @ . 88/kg 1 . 86 
TOTAL . 0 1 3  1 . 87 4 . 20 6 . 07 
�sembly of Ref lector ( 3  needed} 
Doub le s t ick adhes ive 3 . 0 m @  . 16/m o . so 
Reflect ive material 2 . 3  m2 @ 19 . 36/m2 45 . 00 
. 64 em dia . threaded rod . 2 m @  1 . 64/m 0 . 35 
Welding rod . 1 8 m @  . 08/m 0 . 1 4  
TOTAL . 2 2 1  7 . 96 1 37 . 58 145 . 54 
C1' 
1.0 
Table 8 .  ( con ' t) 
ITEM *
LABOR ** MATERIALS TOTAL * * * 
Hours Cos t ($) Quant i ty Cos t ($) P art Cost($) 
Ref lector Top and Bottom ( 2  needed) 
16  ga steel 
TOTAL . 03 
Horizontal Support Rods ( 1  needed) 
1 . 3  em dia . s teel rod 
2 . 54 em dia . black iron pipe 
TOTAL . 186 
Weld Frame and Mount Ref lector ( 1  needed) 
Welding rod 
TOTAL 1 . 00 
0 . 72 
3 . 23 
1 2 . 00 
* 
Total hours required for each operation . 
** Labor cos t assuming $ 1 2 . 00 per hour rat e .  
2 . 1 1  kg @ . 88/kg 
19 . 43 kg @ . 88/kg 
6 .  1 kg @ • 88/kg 
1 . 0 m @ . 08/m 
*** 
Total labor and materials cost for each component or opera t ion . 
1 . 86 
3 . 72 
1 7 . 10 
5 . 38 
22 . 48 
0 . 08 
0 . 44 
4 . 48 
24 . 7 1 
1 2 . 44 
-......J 
0 
7 1  
Est imates fo r co s t s  o f  thes e components a r e  the mat e r i a l 
c o s t s  b a s e d o n  l o c a l p r i c e s  ( T a b l e  9 ) , w i t h  n o  
i n s t a l l a t i o n  c o s t s  c on s i d e r e d .  Tab l e  1 0  s umma r i z e s  t h e  
t o t a l r e t a i l  c o s t  o f  e a c h  u n i t  b a s ed o n  i t s  i n t en d e d  
app l i ca t i on a n d  a rea . 
T h e  t o t a l r e f l e c t o r l en g t h m u s t  a l wa y s  · b e s e v e r a l 
met e r s  l onge r  than the tota l co l l ecto r l engt h  to ach i e v e  
f u l l co l l ect o r ut i l i za t i on d u r ing hou r s  o the r than tho se 
when the s un i s  a pp r o x i ma t e l y  due s o u t h .  The n umb e r o f  
r e f l e c t o r s e c t i o n s  s ho u l d  b e  a t  l e a s t  o n e  m o r e  t ha n  t h e  
t o t a l n umb e r o f  c o l l e c t o r s e c t i on s , t o  a s s u r e  a d eq u a t e  
r e f l e c t o r a r e a  d u r i n g  t h e  mo r n i n g  a n d  l a t e  a f t e r n o o n  
hou r s . 
Climatic Model 
T h e  c l i ma t i c  mo d e l wa s d e v e l o p e d  t o  a pp r o x i ma t e  
a v e r a g e  e a s t e r n S o u t h  D a k o t a  i n s o l a t i o n l e v e l s  and 
t empe r a t u r e s .  A c ompa r i s o n  of s i m u l a t ed and a c t u a l 
h o r i z o n t a l m o n t h l y  i n s o l a t i o n  v a l u e s  r e v e a l s  t h a t  
s i mu l a t e d  v a l u e s  a r e s l i g ht l y  h i g he r d u r i n g  t h e  w i n t e r 
t ha n  a c t u a l B r o o k i n g s ,  S o u t h  D a k o t a d a t a , a n d  a r e c l o s e r  
t o  S t .  C l o ud ,  M i nn e s o t a a n d  F a r g o , N o r t h D a k o t a  d a t a .  
Lyt l e  ( 1 9 8 3 )  e s t imated tha t simu l ated v a l u e s  we r e  a good 
compo s i te of expec ted inso l at i on l ev e l s  in  e a s t e rn South 
Dak ota. F i g u r e  10 d i sp l ays the mode l ' s  o utput for s e v e ra l 
days in  Janua ry. 
Table 9 .  SEI -TES sys tem cos ts , by component .  
Manufac turing Retail 
Component Cos t ($) P rice_($) 
1 )  2 . 4  me ter collector uni t  
2 )  2 . 3 meter refl ector uni t  
3 )  Collec tor ends 
4) Air control parti tions for recirculating 
op t ion 
5) Water heating parts - p ipes , insulation , 
heat exchanger , and water tank 
6) Dry ing and water heat ing b ase ( per 2 . 4  
me ter sect ion 
7) Rock s torage b ase ( per 2 . 4  meter sect ion) 
8) Air duct (per 2 . 4  meter sect ion) � 
* . 
Retail material cos ts only 
1 5 7 . 70 
22 7 . 48 
2 7 . 59 
24 . Z2 
473 . 10 
682 . 44 
82 . 7 7 
7 2 . 66 
684 . 00* 
30 . 6 1"' 




Table 1 0 .  Area dependent cos ts and fixed cos ts for each sys tem us e considered . 
Water Heating , Grain Drying & 
Effective Collector Reflector Grain Drying & Vent: : Ai�eating Water Heat1Dg 
Area Sections S ect ions Vent . Air Heating Only Only 
(m2) Required _ -�R�quired ($fm2) _ ($/m2) _($/m2) 
9 . 37 1 2 223 . 44 2 1 5 . 70 2 1 6 . 02 
1 8 . 74 2 3 1 82 . 67 1 74 . 9 3 ! 1 75 . 1 4 � ----� '-----
28 . 1 1  3 4 1 69 . 01 1 6 1 . 37 1 6 1 . 59 
37 . 48 4 5 162 . 23 1 54 . 48 1 54 . 8 1 
46 . 85 5 6 1 58 . 1 4  1 50 . 40 1 50 . 72 
56 � 22 6 7 1 55 . 35 1 47 . 7 1 1 4 7 . 9 2 
65 . 59 7 8 1 53 . 52 145 . 7 7 1 45 . 99 
74 . 96 8 10  1 6 1 . 15 1 53 . 4 1 1 53 . 62 
84 . 32 9 1 1  1 59 . 00 1 5 1 . 26 1 5 1 . 58 
9 3 . 70 10 1 2  1 5 7 . 28 1 49 . 54 1 49 . 76 
Fixed Cos ts ( $) * 781 . 80 9 7 . 80 684 . 00 
* Fixed cos ts include water tank , pipes and ducts , heat exchanger , and o ther s ite 
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So 1 a r Usage Mode 1 
Re s u l t s  f r om t h e  f a r m e n e r g y  u s e  q u e s t i o n n a i r e a n d  
c a l c u l a t e d  e n e r gy u s e  pa r am e t e r s  a r e t a b u l a t e d  f o r b o t h  
fa rms s u r v eyed ( Tab l e  1 1 ) . These r es u l t s  we r e  u sed in the 
so l a r  f ra c t i on mod e l a s  r epo r ted. In the ca s e  whe r e  g ra in 
d r y i n g a n d  f a r r o w i n g h o u s e  v e n t i l a t i o n  a i r  h e a t i n g  
occ u r r ed s imu l taneous l y ,  the co l l ec t o r wa s u s ed f o r  g ra i n 
d ry i ng a s  r epo r te d ,  s ince it  i s  the mo s t  ef f ic i en t  use o f  
the co l l ec to r .  Both fa rms exh i b i t s imi l a r  cha r a c t e r i s t i cs 
i n  c r o p  d r y i n g  l o a d s ; how e v e r ,  fa rm # 1  has h i s t o r i c a l l y  
d r i e d  g r a i n o v e r  a l o ng e r  t i me p e r i o d . F a r m # 1  a l s o ha s a 
cons i d e r ab l y  h i ghe r v ent i l a t i on a i r  hea t ing l o ad becau se 
m o r e  s o w s  a r e f a r r o w e d a n n u a l l y a n d  b e c a u s e  m o r e  
cond uct i on heat i s  l o s t  th rough the b a rn wa l l s . 
Both fa rme r s  r epo r t e d  d i f f i c u l ty in es t ima t ing the 
mo n t h l y  h o t w a t e r  u s e  a n d  c o s t  f o r  t h e  f a r m .  A l t h o u g h  
f a r m # 1  r e p o r t e d o n e - t h i r d mo r e  h o t w a t e r  u s e ,  t h e  
e s t ima t ed c o s t  wa s ha l f  o f  tha t  r epo r ted by fa rm # 2 .  
T o t a l h e a t i n g l o a d s  c a l c u l a t e d  f r o m  a c t u a l f a rm 
en e r g y u s e  d a t a  f o r e a c h  f u nc t i o n a n d  f a r m  e x p r e s s e d  i n  
k i l owatt-ho u r s  a r e :  
Fa rm # 1  
Fa rm # 2  
G r a in 
Drying 
5 
1 . 2 7 x l 0  
7 . 8 7 x l 0 4 
Vent i la t i on 
Ail Heating 
1 . 8 8 xl o 4 
1 . 2 5 x l 0 4 
Wa t e r  
Heating 
7 . 6 6 x l o 3 
4 . 7 3 x l 0 3 
Table 1 1 .  Farm energy use survey res ul ts .  
Farmer : 
Locat ion : 
Es timated propane cos t : 
Es timated elec tricity cos t :  
Grain Drying 
Method : 
Normal time per iod : 
Type of fuel us ed : 
Rate o f  drying : 
Mo is ture removed : 
Farmer ' s  es t imated cos t to dry grain : 
Mo�el predic ted cos t to dry grain : 
Farrowing House Vent ilation Air Heat ing 
Jeff Of tedahl 
( farm Il l )  
Wentworth , S D  
1 8  ¢ / l i ter 
( 68 ¢/gallon) 
6 ¢ / kwh 
Batch-in-bin 
Oct . 1-mid Nov . 
( 50 days ) 
P ropane 
2 1 . 1  m3/ day 
( 600 b u .  /day) 
1 5  percent 
( 26- 1 1  %) 
$6 , 000 
$5 , 820 
Larry W inkelman 
( farm /12)  
Bruce , SD  
2 1  ¢ / l i ter 
( 80 ¢ / gallon) 
6 ¢ / kwh 
Batch-in-bin 
(with s t i r  augers ) 
Oc tober 
( 30 days ) 
Propane 
2 8 . 2  m3/day 
( 800 bu . / day) 
10 percen t  
( 2 3- 1 3  %) 
$ 4 , 000 
$ 4 , 224 
Numb er of sows farrowed during the winter : 80 sows 7 2  sows 
Barn capaci ty : 
Barn ins ide temperature : 
Type of fuel used : 
20 sows 
22 . 1  °c 
( 7 3 OF) 
1 2  s ows 
2 3 . 9  °C 
( 7 5 OF) 
P ropane & electric heat lamps . 
........ 
0'\ 
Tab le 1 1 .  ( can ' t ) 
Calculated conduction heat loss : 
Calculated s ens ib le heat produced : 
Es timated venti lation rate : 
Calculated venti lation heat loss : 
Farmer ' s  es timated cos t to  heat b arn : 
Model predic ted cos t to heat barn : 
Water Heating 
290 . 9  W/OC 
( 1 3 7 . 5  BTU/hrOF) 
2650 w 
( 9040 BTU/hr) 
l l . 4  m3/min 
{ 400 cfm) 
82 1 . 5  W/OC 
( 4 33 . 1 BTU/hr°F) 
$ 1 , 300 
$ 855 
Average hot water demand during the s ummer : 22 , 700 liters /mo . 
(6000 gal . /mo . )  
Type o f  fuel us ed : E lec tricity 
Farmer ' s  es t imated water heat ing cos t : 
Model predicted water heating cos t : 
$ 25/mo . 
$54/mo . 
1 83 . 4  W/°C 
( 96 . 8  BTU/hr°F) 
1 590 w 
( 5424 BTU/hr) 
6 . 84 m3/min 
( 240 cfm) 
49 3 . 1 W/°C 
( 260 BTU/hr°F) 
$ 300 
$ 5 35 
1 6 , 280 l i ters /mo .  
( 4 300 gal . /mo ., ) 
E lectricity 
$50/mo . 
$ 34/mo . 
'-J 
'-J 
7 8  
T h e  f r a c t i o n o f  t h e s e  l o a d s s u p p l i e d b y  t h e  
c o l l e c t o r  f o r t h e g i v e n u s e  i s  k n o w n  a s  t h e  " s o l a r  
f r a c t i on " ,  a n d  i s  d e t e rm i n e d by t h e  c o l l e c t o r ' s  s i z e  a nd 
p e r f o rma n c e  d a t a .  S e a s o n a l s y s t em e f f i c i en c i e s w e r e  
ca l cu l at ed f o r  each p ropo sed us e f rom s imu l at ed co l l ecto r 
pe r f o rman c e  data and we r e  compa r ed to actua l pe r fo rmance 
da ta ( Tab l e  1 2 ) . Va r i a t i on s  between actua l and s i mu l ated 
pe r f o rma n c e d a t a  a r e a t t r i b u t ed to a i r f l ow v a r i a t i o n s , 
w h i c h  h a v e  a l a r g e  i n f l u e n c e  o n  s y s t e m e f f i c i e n c y . 
A l t h o u g h  t h e  S E I - T E S  s y s t em e x h i b i t s l ow e r  e f f i c i e n c i e s  
than we r e  r epo rted fo r o the r ag r i cu l tu r a l  sys t ems , the re 
may b e  m e r i t  i n  d e s i g n in g  s y s t em s  w i t h l e s s  t ha n  t h e  
ma x i mum e f f i c i en c y  i f  s i g n i � i c a n t  c o s t  r ed u c t i o n s  a r e 
achi eved . 
Seasona l so l a r  f rac t i on va l ues fo r each p r o po sed use 
a re g raphed a s  a func t i on of  co l l ec to r a r ea for both fa rms 
( F i g u r es 1 1  and 1 2 ) . So l a r  f ract ions fo r g ra i n  d ry ing a r e 
sma l l c ompa r e d  t o  t ho s e  f o r w a t e r  he a t i n g  b ec a u s e  mo r e  
p o w e r  i s  r e q u i r e d f o r  g r a i n d r y i n g t h a n  f o r w a t e r  
h e a t i n g .  E c o n om i c  c a l c u l a t i o n s  a r e  b a s e d o n  t h e  en e r g y 
o u t p u t  o f  t h e  c o l l e c t o r r a t h e r t ha n  t h e  f r a c t i o n o f  t h e  
l o a d  i t  c a n s u pp l y  a s  l o n g  a s  a l l o f  t h e  en e r g y  f r o m  t h e  
co l l ec t o r i s  b e i ng u s ed.  Econom i c  ca l c u l a t i on s  a r e based 
o n  t h e  a m o u n t  o f  en e r g y  u s e d , n o t o n  t h e  am o u n t  s u pp l i e d 
by the c o l l ec to r ,  when the so l a r  f r ac t i on i s  l e s s  than 1 .  
The r e l a t i onsh i p  betw een so l a r  f r ac t i on s  o f  p r opo sed u s es 
79 
Tab le 1 2 . S imulated and actual SEI-TES sys tem performance data . 
S o lar Sys tem 
Location : 
Lat itude : 
Collector slope : 
Collector orientation : 
Grain Drying 
Brookings , S outh Dako ta 
44 . 3° North 
60° 
Due S outh 
Actual Data 
Collec tor Flow Rate : 5- 7 m3/min/m 
Ave . S ystem Temperature Rise : 2 . 6-4 . 1  °C 
Ave . S ystem Eff iciency : 35 . 9-37 . 9 % 
Ave . Energy Provided : 0 . 9 2- 1 . 3 kwh/D • m2 
Lives tock Building Heating 
Collector Flow Rate : 0 . 5-2 . 4 m
3/min/m
* 
Ave . System Tempera ture Rise : 8 . 6 °C 
Ave . Sys t em E f f iciency : 2 4 . 0  % 
Ave . Energy P rovided : 0 . 9 6- 1 . 0  kwh/D •m2 
W.S.ter Heating 
Collector F low Rate : 1 .  6 m3 /min/m 
Ave . _ Sys tem Temperature Rise : 2 9 . 7 °C * * 
Ave . Sys tem Efficiency : 20-24 % 
Ave . Energy P rovided : 1 . 0 kwh/D • m
2 
*var iab le airf low rate . 
**water in s torage tank . 
Predicted Data 
6 . 9  m3/min/m 
2 . 95 °c 
44 . 4  % 
1 . 26  m3 /min/m 
20 . 0  % 
1 . 1  kwh /D · m2 
20 . 1 % 
0 . 9 5 kwh/D · m2 
1 
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Figure 1 1 . S olar frac t ion as a func t ion of  area for each us e on Farm # 1 .  
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8 2  
i s  a n  imp o r t a n t  d e t e rminant i n  e c onomi c o pt im i z a t io n .  
The dec r ea s i ng l y  s l oped c u r ve s  i n  F ig u r es 1 1  and 1 2  
r e s u l t  b ec a u s e  a s  c o l l e c t o r  s i z e  i n c r e a s e s , t h e  t o ta l 
d a i l y  heat ing l oa d  w i l l  b e  s upp l i ed on mo r e  days , and the 
e xc e s s  ene rgy is not u sed.  Thi s  c on t in u e s  unt i l the s l ope 
o f  t h e  c u r v e  i s  z e r o w h en t h e  c o l l e c t o r i s  s u pp l y i n g  i t s  
theo r e t i ca l max imum seasona l amo un t o f  ene rgy.  The mode l  
a l s o s h o w s  t h a t  a n o t i c e a b l y  l a r g e r  p o r t i o n o f  t h e 
ven t i l � t i on a i r heat ing l oa d  can b e  supp l i ed by i n s ta l l ing 
the d i f f e r en t i a l the rmo s t a t  and d ampe r s ys t em.  F i g u r es 1 3  
and 1 4  d emon s t r a t e  t h e  re l at i on sh ips betw e e n  so l a r  ene rgy 
a v a i l a b l e , e n e r g y  c o l l ec t ed ,  and s y s t em e n e r g y o u t p u t 
r equ i re d  fo r v en t i l a t i on a i r  hea t ing.  
The p e r i o d i c  f un c t i o n  of t em p e r a t u r e  v e r s u s  t i m e  
g r a d u a l l y i n c r e a s e d a s  t h e  d a y s  w e r e  s i m u l a t ed f o r t h e 
month b e g i nn in g  w i th t he c o l de s t  day and p r o g r es s ing to 
t h e  w a r me s t  day ( F i g u r e  1 5 ) .  Th i s  c a u s e d  t h e  r o c k  s t o r a g e  
u n i t  t o  g r a d u a l l y  w a r m  o r  c o o l ,  d e p e n d i n g  o n  t r e n d  
d i r ec t i o n .  T o  c h e c k  t h e  v a l i d i t y o f  t h i s a s s um p t i o n ,  
d a i l y t em p e r a t u r e  c y c l e s w e r e  g e n e r a t e d a nd r an d om l y 
d i s t r i b u t e d t h r o u g h o u t  t h e  mo n t h ,  u s i n g  a r a n d o m  n umb e r  
t a b l e . T h i s  r a n d o m i z e d d a t a ,  w h i c h  y i e l d e d l a r g e r  
t emp e r a t u r e  f l u c t u a t i o n s  b e tw e e n  d a y s , .w a s t h e n  u s ed i n  
the s o l a r  f r ac t i o n  mode l .  A o n e  c o l l ec t o r  s ec t i o n  sys t em 
p r o d u c e d 5 5 0  k W h  d u r i n g  t h e  m o n t h  o f  D e c e mb e r ,  u s i n g  t h e 
g r ad ua l l y  wa rming app r o ach compa r ed w i t h  t h e  s ame sys t em 
3 0  
2 0  
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Figure 1 3 .  S imulated collector , sys tem ,  and outs ide temperatures for seve ral �ays 
in January . 
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Figure 1 4 .  S imulated energy availab le and collector and sys tem energy output for 
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Figure 1 5 .  Daily outs ide temperat ure cycles during January . 
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8 6  
p r o d u c i n g  5 2 0  k W h  u n d e r  t h e  r a n d o m i z e d o u t s i d e 
t emp e r a t u r e s  a p p r o a c h. T h e  c o r r e s po n d i � g d e c r e a s e  i n  
s y s t em e f f i c i en c y  w a s  2 . 1  p e r c e n t .  T h e r e f o r e ,  i t  w a s  
d e c id ed t ha t e r ro r  i n t roduced by impe r fe c t  r ep r es en ta ti on 
o f  mon t h l y a v e rage warmi n g  and coo l in g  t rend s d i d  n o t  hav e  
a ma j o r  e f f ec t  on the usab l e ene rgy ca l c u l a t i o n s .  
Economic APalysis 
A v e r a g e  e c o n om i c  c o n d i t i o n s  e x i s t i n g  i n  e a s t e r n 
South Dak o ta d u r ing Sept embe r 1 9 8 3  we r e  s p ec i f i ed a s  "ba s e  
c a s e "  v a l u e s  f o r t h e  v a r i a b l e s s t u d i e d . E c o n o m i c  
f e a s i b i l i t y  w a s f i r s t  a n a l y z e d f o r t h e  b a s e  c a s e  
c o nd i t i o n s .  S u b s eq u en t l y ,  t he s e  v a r i a b l e s . w e r e  a l t e r e d  
w i th in e xp ec t ed ran g es t o  e s t imat e  econom i c s en si t i � i ty.  
Ta b l e  1 3  c on ta i n s  a l i s t  of the e c o n om i c  v a r i a b l e s 
c o n s i d e r ed ,  t he i r  b a s e  c a s e  v a l u e s , a n d  e x p ec t e d r a n g e s  
t e s t ed.  The f o l l ow in g  d i sc u s s i on l i s t s  these v a l u e s  and 
p r esents t he j us t i f i ca t i on s  f o r choo s in g  t hem. 
1 )  Expe ct ed L i f e  - The pe r iod of econom i c  ana l ys i s  
i s  t h e  e x p e c t ed u s e f u l l i f e  o f  t h e  s y s t em .  T h e  i n i t i a l  
v a l u e  o f  2 0  y e a r s  i s  b a s e d  o n  t h e  e xp e c t e d l i f e  o f  t h e  
mat e r ia l s ,  w i th n o rma l ma int enanc e.  A mo r e  c on se r va t i ve 
e s t i m a t e  i s  l.S  y e a r s ,  w h i l e  i t  is  p o s s i b l e t h a t t h e  
co l l ec t o r  mi g h t  pe r f o rm f o r  2 5  yea r s .  The s e  es t ima t es a r e  
c l o s e t o  t h e  d e s i g n  l i f e t i me s o f  t h e s t r u c t u r e s t h e  
co l l ec t o r w i l l  s e r v e .  
2 )  I n v e s tmen t C o s t  - The in i t i a l  i n v e s tment i s  the 
Tab le 1 3 .  Bas e  case values and ranges tes t ed for variab les 
included in the s ens itivity analys es . 
Economic Variable. Uni ts Bas e  Cas e  Value 
Sys tem Lifetime yrs . 20 
Mortg age P eriod yrs . 10 
Dep reciation P er iod yrs . 1 5 * 
Operating Cos t $ 0 
Maintenance Cos t $ /m2 /yr . 5 . 40 
P ropane Cos t $ / liter 0 . 1 7 
Electricity Cos t $ /kwh 0 . 06 
Propane Heater Eff . % 60 
E lectric Water Heater Eff . % 9 0  
Annual D is count Rate % 1 0  
General Inflation Rate % 6 
0 & M inf la tion Rate % 6 
Fuel I nf lation Rate % 8 
Mo rtgage Interes t Rate % 1 4  
Ins urance Rate % 0 . 5 
Property Tax Rate % 1 
Income Tax Rate % 20 
Downpayment Fraction % 25  
Inves tment Tax Credit % 1 5  
S alvage Value % 0 
* "Old" straight line metho d . 
** "New" s traight line ( 5  year ) , and ACRS methods . 
8 7  
Range Tes ted 
1 5-25 
7- 1 2  
5 *� 1 5  
8-1 4  
4-1 2  
4-1 2  
6-1 4  







pu rcha s e  p r ice of  the co l l ecto r ,  pl us s it e  p r epa rat i on and 
a u x i l i a r y  e q u i pmen t c o s t s .  I t , o r  t h e  p o r t i o n o f  i t  n o t  
bo r rowed fo r ,  occ u r s  i n  the f i r s t  yea r and the r efo r e  i s  at 
present v a l ue.  
3 )  Mo rtgage - The mo r tgage i s  the t o ta l system cost 
m i n u s  the downpaymen t ,  o r  t h e amo un t of mo n e y  b o r rowe d .  
Mo s t  l oans r equ i r e  that a ce rtain pe rcentage o f  the tota l 
c o s t  b e  pa i d  a s  downpaymen t ,  a l t h o ug h a l l o r  n o n e  o f  t he 
c o l l e c t o r c o s t s  m i g h t  be- bo r r owed . The mo r t g a g e  pe r i o d  
wa s s p e c i f i e d  a s  o n e - ha l f  o f  t h e  sy s t em l i f e t i me in t h e  
b a s e  c a s e ,  b u t  t h i s t o o  c o u l d  t h e o r e t i c a l l y v a r y f r om 1 
y e a r t o  t h e s y s t em • �  l i f e t i me . Lo a n s  a r e  n o t e x t end ed 
beyond the usef u l  l i fet ime of  the system. As of mid- i 9 83 
mon ey c o u l d b e  bo r r ow e d  f o r a b o u t  1 4  p e r c en t annua l 
i n t e r e s t ,  t h o u g h  t h i s  v a l u e  c a n  f l u c t u a t e  w i d e l y ,  
depend ing on nat i ona l ec onomi c cond i t i ons and spec i a l  l oan 
p r o g r am s .  The i n t e r e s t  pa i d  o n  a l o an i s  d e d u c t a b l e  fo r 
inc ome tax pu rpo se s .  
4 )  Sa l vage Va l ue - I t  i s  assumed tha t  the co l l ecto r 
w i l l  b e  f un c t i o n a l l y o b s o l e t e  a f t e r  i t s  l i f e t i me ha s 
e xp i r ed ,  and i t s  s c r a p  m e t a l v a l u e w i l l  b e  n e g l i g i b l e . 
The r efo r e ,  a sa l v age va l ue of 0 i s  ass igned . 
5 ) En e r gy C o s t s  - P r o pan e c o s t s  r a n g i n g  f r o m 1 5 . 8  
t o  1 9 . 8  c en t s  pe r l i t e r  w e r e  r e po r t ed by t h e  f a rm e r s ,  d u e  
t o  s e a s o n a l f l u c t u a t i o n s  c a u s ed by d ema n d .  A s l i g h t l y  
con s e r v a t i v e p r i c e  o f  1 7 . 2  cents pe r l i t e r  wa s u s e d ,  a l ong 
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w i t h a v e r a g e  v a l u e s  of  2 . 6 6  kWh pe r kg  a n d  . 5 1  k g · p e r  
l i t e r ,  r es u l t ing i n  a cost o f  3 . 3  cents p e r  kWh. E l ect r ic 
rates v a ry w i d e l y  ba sed on l ocat i on.  A typi ca l r u ra l  a rea 
b a s e  r a t e  o f  6 c en t s  p e r kWh wa s u s ed a s  r ec omme n d e d  by 
Hu i s l e e n  ( 1 9 8 3 )  o f  B r o o k i n g s P ub l i c U t i l i t i e s .  The 
impa c t s  of c h a n g e s  in c o n v e n t i on a l f u e l p r i c e s w e r e  
s t ud i e d b y  v a r y i n g  t h e  f u e l i n f l a t i o n r a t e  f r om 6 t o  1 4  
pe r cen t .  A con s e r va t i v e ,  but l i k e l y, v a l ue o f  8 pe rcent 
was u s ed in t he b a s e  c a s e .  T h i s v a l u e c o r r e s p o nd s t o  a 
r ea l  fue l inf l at i on rate of 2 pe rcent ( s ince the bas e  case 
gen e ra l inf l at i on rate used was 6 pe rcen t ) , a va l ue w i thin 
the range o f t en used fo r the upcoming two decades ( Scho l l ,  
1 9 7 8 ) . 
6 )  D i s c o u n t  Ra t e - The d i s c o un t  r a t e  r e f l e c t s  the 
t i me v a l u e  of money a n d , l i k e  t h e  i n t e r e s t  r a t e , i s  
in f l uenc ed by the gene ra l economic c l imate.  It  is  used to  
d i scount a l l the cash f l ows to a p r esent w o r t h  v a l ue fo r 
compa r i son. A d i scount rate of  10 pe rcent was used in the 
bas e  ca se , and a range f rom 8 to 12 pe rcent w a s  cons ide red 
fo r the sen s i t i v i ty ana l yses.  
7 )  Ope rat i on and Maintenence - Ope r a t i ona l costs 
fo r g ra in d ry ing and l i ves tock vent i l at i on equ i pment w i l l  
b e  n e g l i g i b l y  a f f e c t e d  by ad d i t i o n o f  a s o l a r  sy s t em ,  
a l t h o u g h  H i l l ,  e t . a l .  ( 1 9 7 9 )  r e po r t s  t h a t t h e  i n c r e a s ed 
s t a t i c  p r e s s u r e  d r o p  c a u s ed by p u l l i n g  a i r  t h r o u g h t h e  
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c o l l ec t o r  d o e s  c a u s e a s l i g ht a dd i t i on a l l o a d  o n  t h e 
vent i l a t i on fans .  A fan ope ration c o s t  o f  3 cen t s  pe r day 
wa s cons ide red f o r  wate r heat ing.  
M a in tenenc e ,  such as  ad j us tmen t o f  the ref l ect o r  and 
c l ean ing of the g l as s  and ref l ect i v e  s u r faces , might tak e  
t h e  f a rme r 5 t o  1 0  m i n u t e s  pe r w e e k  d u r i � g  t h e  n o rma l 
c ho r e r o u t i n e ,  a n d  w a s  a s s umed t o  b e  n e g l i g i b l e . A 
ma i n t e n e n c e  c h a r g e  o f  5 c en t s  pe r s q u a r e  me t e r  p e r  y e a r 
w a s  j u d g e d  a d e q u a t e  t �  c o v e r  r e p l a c e m e n t o f  p a r t s ; 
how e v e r ,  n o  ma j o r  c ompo n e n t  r ep l a c eme n t  w a s  c o n s i d e r ed .  
Cos t s  fo r ope rat i on and ma intenence a r e  a s s umed t o  inf l ate 
at the same rate as  the gene r a l  inf l a t ion rate. Th i s  rate 
was a s s umed to be 6 pe rcent pe r yea r in the ba s e  case ,
-
and 
v a r i ed f rom 4 to 1 0  pe rcent in the sen s i t i v i ty ana l yses.  
8 ) P r o p e r t y  T a x e s  - P r o p e r t y  t a x e s  on s o l a r  
c o l l e c t o r s  a r e  h i g h l y  d e p e n d a n t  o n  l o c a t i o n .  I n  
B r o o k i n g s , so , t h e  n o rma l t a x  r a t e  on a s o l a r  c o l l e c t o r  
w o u l d  b e  a b o u t  1 . 2  pe r c e n t  o f  i t s  r e a l v a l u e i f  i t  i s  
a s s e s s e d  a t  6 0  p e r c en t  o f  i t s  r e a l  v a l u e .  S t a t e  l aw 
p r o v i d e s  f o r  a n  a s s e s s ed v a l u e o f  5 0  p e r c en t  o f  r e g u l a r  
assess ed va l ue fo r the fi rst three yea r s  o f  a co l l ec to r ' s  
l i f e .  The f o l l ow i n g  t h r e e  y e a r s ' p r o pe r t y  t a x e s  a r e  
g r a d u a t e d t o  t h e  r e g u l a r  a s s e s s e d  v a l u e i n  e q u a l 
i n c r emen t s  o f  2 5 , 5 0  a n d 7 5  p e r c en t .  A c o n s t a n t  r a t e  o f  
1 pe r c e n t  o f r e a l  v a l u e  w a s  u s e d f o r t h e  p r o pe r ty t a x  
rat e .  The p r ope r ty tax i s  on l y  app l i ed i f  the pr ope r ty i s  
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c l a s s i f i e d a s  r ea l  p r op e r t y ,  wh i c h  i s  t he c a s e  w h e n  t h e  
SE I -TES syst em i s  u s ed fo r comme r c i a l  o r  fa rm p ur po ses. 
9 )  I n v e s t m e n t T a x  C r e d i t  - I f  t h e I n t e r n a l 
Re v e n u e  S e r v i c e  w e r e  t o  c l a s s i fy t he c o l l e c t o r  a s  r e a l  
p rope r ty ,  i t  wou l d  be e l i g ib l e  fo r a 1 5  pe r c en t  ene r gy tax 
c r e d i t  b u t  n o t  f o r t h e  r e g u l a r  1 0  p e r c e n t  i n v e s tmen t t a x  
c red i t .  Thi s  catego r i za t i on i s  s ub j ec t t o  t h e  co l l ec to r ' s  
nat u r e  and i n t ended use , and i s  s ub j ect t o  the own e r ' s  and 
t h e  I n t e r n a l Re v e n u e  S e r v i c e ' s  i n t e r p r e t a t i o n .  I n  t h e  
b a s e  c a s e ,  o n l y  t h e 1 5  p e r c en t  e n e r g y  t a x  c r e d i t  w a s 
a s s um e d .  H ow e v e r ,  i f  t h e  c o l l e c t o r  i s  d l a s s i f i e d  a s  
t a n g i b l e  p e r s o n a l p r o p e r ty a n d  t h e  f u l l  2 5  p e r c e n t  i s  
taken , the p rope r ty taxes mus t  not be a s s e s s e d  b ecause of  
the chang e  i n  p ro pe r ty c l as s i f icat i on.  La rg e r  t a x  c red i ts 
w e r e  n o t c on s i d e r e d ,  a l t h o u g h  s om e  s t a t e s  w i t h s t a t e  
inc ome taxes d o  o f f e r add i t iona l ene rgy t a x  c r ed i t s .  The 
t a x  c r ed i t  i s  t a k en a t  t h e  b e g i nn i n g  o f  t h e  f i r s t  y e a r .  
I t  w a s a s s um e d  t o  o c c u r  a t  t h e  b e g i n n i n g  o f  t h e  i n v e s tmen t 
pe r iod and , the r efo r e ,  wa s not d i s counted , e v en tho ug h the 
a c t u a l c a s h  f l o w t h e o r e t i c a l l y o c c u r s  at t h e  e n d  o f  t h e  
t a x  y e a r .  
1 0 )  D e p r e c i a t i o n  - T h e  b a s e  c a s e  u s e s  t h e 
con v ent i ona l s t ra i ght l ine dep r ec i a t i on method w i t h  a 1 5  
ye a r  d ep r e c i a t i o n l i f e t i me mand a t ed by t h e  c o l l e c t o r ' s  
p rope r ty c l a s s .  A l t e rnate dep rec iat i on methods ins t i tuted 
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w i t h  t h e  E c on om i c  Re c o v e ry Ta x Ac t o f  1 9 8 1  s e r v ed a s  a 
b a s i s  f o r  f u r t h e r ana l y s i s . The " new " s t r a i g h t  l i ne 
d e p r e c i a t i o n m e t h o d  u n d e r  t h i s  a c t  a l l o w s  a 5 y e a r 
d e p r e c i a t i on l i f e t ime , b u t  on l y  ha l f  o f  t h e  f i r s t  ye a r ' s  
d e p r ec i a t i o n c a n  b e  t a k e n  i n  t he f i r s t  y e a r ;  t h e  o t h e r 
ha l f  i s  tak en in the s i xth yea r.  
T h e  Ac c e l e r a t e d C o s t  R e c o v e r y S y s t e m ( AC R S ) , 
p r o v i d e d  f o r i n  t he 1 9 8 1  ac t ,  a l s o a l l ow s  5 y e a r s  f o r  
d e p r e c i a t i o n  w i t h  t h e  f o l l o w i n g  y e a r l y  s t a n d a r d  




3 , 4 , 5  
� Qf Original Investment 
15 % 
2 2 %  
2 1 %  
In  both o f  the new deprec i a t i on method s ,  one-ha l f  o f  
t h e  i n v e s tmen t t a x  c r ed i t  ta k en mu s t  b e  s u b t r a c t e d  f r om 
the deprec iab l e  ba se.  
1 1 )  I n c ome Ta x Ra t e  - The i n c om e  t a x  b r a c k e t a 
fa rme r i s  i n  c a n  a f f e c t  t h e  n e t  s a v i n g s  a s s o c i a t e d  w i t h  
so l a r  investment s .  A typ ica l ma rg ina l income tax rate of  
20  pe r c en t  ( Do bb s ,  1 9 8 3 ) wa s c o n s i d e r e d i n  t h e  ba s e  c a s e ,  
and w a s  v a r i e d t h r o ug h  a po s s i b l e  r an g e  o f  0 t o  5 0  pe r c en t  
i n  the sen s i t i v i ty ana l yses.  
Optimal � Determination 
I t  wa s n e c e s s a r y to  f i r s t  e s t a b l i s h an o p t ima l  
c o l l ec t o r a r e a  fo r e a c h  fa rm t o  d e t e rm i n e  b a s e  c a s e  
e c o n o m i c f e a s i b i l i t y , a n d  t o  p e r f o r m  s u b s e q u e n t 
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s en s i t i v ity tests • Thi s  was accompl i shed by ca l cu l a t ing 
the p r e s en t  w o r t h of the net s a v i n g s  u n d e r the ba s e  c a s e  
a s s ump t i o n s  a n d  n o rma l u s e  pa t t e r n ,  f o r  e a c h  un i t i z ed 
co l l ecto r a rea. F i g u r e  1 6  i l l ust rates t h i s  by showi ng the 
inc rease in  co l l ecto r costs and the co r r esponding dec rease 
in fue l c o s t s  w i th inc r eas ing co l l ec to r  s i z e .  The opt ima l 
a r e a  o c c u r s  a t  t h e  po i n t  o f  m i n imum t o t a l e n e r g y c o s t s ,  
w h i c h  f o r f a r m  # 1  i s  4 c o l l ec t o r  u n i t s .  I t  c a n  a l s o b e  
obs e r v ed that the change in tota l ene rgy co s t s  inc u r r ed by 
und e r o r  o v e r  s i z i n g  t h e  c o l l ec t o r by o n e  u n i t  i s  l e s s  
t ha n  2 p e r c en t .  A g r ea t e r  e f f e c t  o f  un d e r  s i z i n g  t h e  
co l l ec t o r fo r fa rm 1 2  i s  caused by i t s  sma l l opt ima l  s i z e  
and n e t  sav ing s .  
� � Economic Feasibil ity 
Tab l e  1 4  summa r i z e s  the p r esent wo r th o f  the net 
sa v ings fo r the d i ffe rent co l l ecto r use s con s i d e r ed ,  us ing 
t h e  b a s e  c a s e  e c o n om i c  a s s ump t i o n s .  S l i g h t l y  h i g he r  
en e r gy r eq u i r eme n t s  ma k e  fa rm # 1  a b e t t e r  c an d i da t e  f o r 
so l a r  ene rgy in a l l cases because f ixed c o s t s  a re sp r ead 
o v e r a g r ea t e r  o p t ima l c o l l ec t o r a r e a .  I n  bo t h  c a s e s , 
y e a r - r o u n d  w a t e r  he a t i n g  o n l y  w a s  f o u n d  t o  ha v e  t h e  
hi ghe s t  present va l u e of n e t  sav ings as soc i a t ed w i th the 
so l a r  un it.  The s a v ings gi ven by yea r - r ound wate r hea ting 
a r e  c o n s i d e r a b l y h i g h ,  how e v e r ,  s i n c e  wa t e r  he a t i n g  
pe r fo rmance data we re taken d u r ing s umme r months , and 
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Tab le 1 4 . Pres ent dollar worth of net savings for each collector 
use cons idered . 
P ropo s ed Use Farm Il l  Farm /!2 
Optimal Area (m2) 3 7 . 5  . 1 8 . 7  
Grain Drying , Ventilation Air 
Heating , and Water Heating 1 5 19 . 23 2 1 . 80 
Water Heating Only 1 52 4 . 42 1 4 1 . 64 
Grain Drying and Ventilation 
Air Heating Only -23 3 1 . 76 - 19 6 1 . 2 3 
Grain Drying , Ventilation Air 
Heating wi th Different ial Thermo-
s tat · sys t em ,  and Water Heating 1 54 8 . 82 0 . 89 
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e f f i c i enc i e s  a r e  c e r t a i n  t o  d r o p  in  c o l d e r  w e a t h e r .  The 
f e a s i b i l i t y of u s i n g  the SE I -T E S  s y s t em to hea t wa t e r  i n  
w i n t e r i s  a l s o qu e s t i o n a b l e  b ec a u s e  o f  t he n ume r o u s  
techn ica l p r ob l ems encountered.  Yea r - ro und wat e r  heat'ing 
is on l y  a v i ab l e  a l t e rna t i v e  in a r ea s whe r e  c l imat e  w i l l 
pe rmi t ,  which doe s  not inc l ude east e rn So uth Da k o ta.  
G r a in d rying and l i vestock vent i l a t i o n  a i r hea t ing 
o n l y  w e r e  n o t  f o und to b e  e c o n omi c a l .  T h e  u s e  o f  t h e  
d i f f e r en t i a l  t h e r mo s ta t _a n d  damp e r s y s t em o n  l i v e s t o c k  
vent i l at i on a i r hea ting wa s found t o  b e  economica l o n  fa rm 
i l ,  b u t  o n l y  a b r e a k e v e n p r opo s i t i o n o n  f a r m t 2 ,  b e c a u s e  
o f  the g r eate r so l a r ene rgy u t i l i za t i on pe r un i t  c o l l ecto r 
a r ea f o r  vent i l at i on a i r  heat ing on fa rm i l .  A compa r i son 
o f  t he b a s e  c a s e  n e t  s a v i n g s f o r ea c h  fa rm r e v e a l s  t ha t  
r e l at i ve l y  sma l l d i ff e rences i n  so l a r  f r ac t i on s  and fa rm 
s i z e  hav e  an impo rtant effect on optima l  c o l l ec t o r a r ea , 
which in t u rn causes impo r tant di ffe ren c e s  in net sav ings .  
Ba s e  c a s e  ec o n om i c  f ea s i b i l i ty w a s  a n a l y z ed u s i n g  
t h e  t h r e e  d i f f e r e n t  d e p r e c i a t i o n m e t h o d s d e s c r i b e d  
p r e v i o u s l y  a n d  t w o  d i f f e r e n t  p r o p e r t y t a x  a n d  
co r r espond ing investment tax cr edi t  pe rcentag e s  des c r ibed 
p r e v i o u s l y . D u e  t o  t h e n o n - l i n e a r n a t u r e  o f  t h e  
dep r ec ia t i on cash f l ows , thei r p r esent wo r th va l ues we re 
ca l cu l a t ed by hand , and the resu l t ing va l ues we r e  inse rted 
i n t o  t h e  ec o n om i c  
c o n s i d e r e d fo r e a c h  
ana l y s i s  p r o g ram.  Tw o c a s e s  we r e  
d e p r e c i a t i o n me t ho d : t h e  c o l l e c t o r 
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w a s c l a s s i f i ed b o t h  a s  r e a l  p r o p e r ty ,  i n  w h i c h  c a s e  t h e  
p r o p e r ty t a x  a p p l i e s  a n d  a 1 5 %  i n v e s tm e n t t a x  c r e d i t  i s  
t a k en ,  a n d  a s  t a ng i b l e  p e r s ona l p r o pe r ty ,  i n  wh i c h  c a s e  
t h e  p r o pe r ty t a x  d o e s  n o t  a pp l y  a n d  a 2 5 %  i n v e s tmen t t a x  
c red i t  i s  tak en .  Tab l e  1 5  s umma r i z e s  t h e  r es u l t s  o f  thi s 
ana l ys i s  fo r the t h r ee co l l ecto r u s es f o r  fa rm f l .  H i ghe r 
i n v e s tmen t  tax c redi ts and fa s t e r  deprec i a t i on methods a r e  
s hown t o  i mp r o v e  t h e  s y s t-em ' s  e c o n o m i c f ea s i b i l i ty .  The 
s t a n d a r d  ACRS d ep r e c i a t i o n m e t ho d  s ho w s s l i g h t l y  h i g h e r 
n e t  s a v i n g s  t ha n  t h e  " n ew "  s t r a i g h t  1 i n e  m e t ho d , b e c a u s e  
i t  a l l ow s  the fa rme r to r eco v e r  the dep r ec i a t i o n  soon e r .  
T a b l e  1 5  a l s o c o m p a r e s t h e  t h r e e  d i f f e r e n t  
i n v e s t i g a t e d  me a s u r e s  o f  e c o n om i c  f e a s i b i l i ty .  Wh i l e  
paybac k  pe r i o d s  appea r to be unacceptab l y  l on g , r et u rn s  on 
i n v e s tm e n t a b o v e  1 5  p e r c en t  ma k e  t h e  i n v e s tm e n t s e em 
poten t ia l l y a t t rac t i v e. Thi s phenomenon i s  c ha rac t e r i s t i c  
o f  ene rgy in v es tments , whi c h  gene ra l l y  pay back l a rge l y  i n  
the l at e r  pa r t  o f  t he i r  l i fe. Tab l e  1 6  d emon s t ra t e s  t h i s  
f a c t  f u r t h e r .  A s  c o l l e c t o r l i f e  i s  i n c r e a s e d , payb a c k  
pe r i od does n o t  c han g e ,  whi l e  present wo r th and r et u rn on 
investment imp ro v e  w i t h  extended l i fe .  
Sensitivity Analyses 
Opt ima l a rea wa s f i r st e stab l i shed und e r  ba s e  ca se 
cond i t i ons b e f o r e  pe r f o rm i ng the sens i t i v i ty ana l ys e s . It 
i s  r ecogni z e d ,  howeve r ,  tha t  chang ing s uch f a c t o r s  a s  the 
Table 1 5 . Effect of  three different depreciat ion methods and two 
I . T . C .  levels on three economic feas ib ility indicators . 
Pres ent Worth Return on Payback 
Depreciat ion Me thod of Net S avings Inves tment P eriod 
( $) ( % ) (yrs . )  
Old S traight Line (15 yrs . )  
* 
1 5% I . T . C .  
25% I . T . C . 
1 5 1 9 . 23 
29 23 . 59 
New S tra ight Line (5 yrs . )  
1 5% I . T . C . 1 742 . 0 1 
25% r . T . c .  309 6 . 72 
ACRS (5 yrs . )  
1 5 %  I . T . C . 1 7 75 . 1 3 
2 5% I . T . C .  3 1 2 8 . 0 4 
* 
I . T . C . � Inves tment Tax Credi t 
1 6 . 0  1 6  
25 . 0  1 2  
1 8 . 5 1 5  
26 . 5  1 2  
1 9  . o 1 5  
2 7 . 0  1 2  
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Tab le 1 6 . Effect of  increasing coll ector lif etime on three economic 
feas ib ility indicators . *
* 
Pres ent Worth 
Co llector L if e  o f  Net S avinas 
(years ) ($)  
1 0  - 1 7 75 . 1 8 
1 5  -82 . 7 3 
20 1 5 1 9 . 23 
2 5  30 2 8 . 85 




7 . 5  
9 . 5 
1 6 . 0  
1 7 . 5  
1 8 . 5  
Payb ack 
P eriod 
(yrs . )  
Norte 
None 
1 6  
1 6  
1 6  
** As suming " old" s traigh t line depreciation method and 1 5 %  I . T . C .  
on Farm # 1 , and three us es of the S EI -TES . 
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f u e l i n f l a t i o n  r a t e  c a n  a l s o c ha n g e t h e o pt i ma l a r e a .  
F i g u r e  1 7  s h o w s  t h a t  a s  t h e  f u e l  i n f l a t i o n  r a t e  i s  
inc reased f rom 6 to 1 2  per c �n t ,  the opt ima l co l l ecto r a r ea 
inc r ea s e s  by 20 squar e  met e r s  on fa rm t l .  
The sen s i t i v i ty ana l yses we r e  pe r f o rmed by va rying a 
s i n g l e  e c o n om i c v a r i a b l e o r  g r o u p  o f  r e l a t ed v a r i ab l e s  
o v e r  the range estab l i shed , whi l e  a l l o the r va r i ab l es we r e  
k e p t  a t  t h e  b a s e  c a s e l e v e l s .  F i g u r e s  1 8  a n d  1 9  
g r aph i c a l l y r ep r e s en t  the r e s u l t s  o f  t h e  s en s i t i v i ty 
a n a l y s e s  f o r  e a c h  fa rm.  The l a r g e s t  impa c t  o n  p r e s en t  
w o r t h  o f  s a v i n g s i s  c a u s e d b y  i n c r e a s i n g t h e  f u e l 
i n f l a t i o n r a t e .  A 4 6 0  p e r c en t  i n c r ea s e  i n  p r e s en t  wo r t h  
of sav ings was rea l i z ed by inc reas ing the f u e l inf l at i on 
r a t e  8 p e r c en ta g e  po i n t s  o n  fa rm t l . T h i s  i n c r ea s e  was 
3 3 0  pe r c e n t  g r e a t e r t ha n  t he e f f ec t  c a u s e d  b y  i n c r e a s i n g  
t h e  c o l l e c t o r  l i f et i me ,  w h i c h · h a d  t h e  s e c ond l a r g e s t  
impact o n  p resen t  wo rth o f  sav ing s.  
I n c r e a s i n g  t h e  n o n - f u e l i n f l a t i o n r a t e s , t h e 
d i s c o un t  r a t e ,  t h e  p r o p e r t y  t a x  ra t e ,  t h e  i n s u r an c e  r a t e  
a n d  t h e  mo r t g a g e  i n t e r e s t  r a t e  a l l d e c r e a s e  t h e  p r e s en t  
wo r t h  o f  net sav ing s.  Go ve rnment po l icy fac t o r s  s uch a s  
i n c r ea s i n g  t h e  i n v e s tm e n t  t a x  c r ed i t  a n d  d e c r ea s i n g the 
p r o p e r ty tax ha v e  a p o s i t i v e  impa c t  o n  n e t  sa v i n g s .  
The d i f f e r ence in net sav ing s between a no- l oan and 
1 0 0  pe r c en t  l o a n  s i t ua t i o n s  i s  sma l l b e c a u s e t h e  t i me 
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Figure 1 7 .  Ef f e c t  of fuel inf l a t ion ra t e  on p res en t wor th o f  s avings and op t imal area 
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a r e  s ho w n  i n  F i g u r e 2 0 .  A c o s t  r e d u c t i o n  o f  3 0  p e r c e n t  
was s hown t o  i nc r ea s e  sav ings 1 2 4  pe r c ent o n  fa rm # 1 .  
Market Potential 
An a t t empt t o  j ud g e  t he po t en t i a l  s o l a r  c o l l e c t o r 
ma r k e t  w a s ma d e  b y  r e v i ew i n g  c en s u s  d a t a  r e g a r d i ng pa s t  
and pot en t ia l ag r i c u l tu r a l  s o l a r  ene rgy u s e r s .  Na t i ona l 
Ag r i c u l t u ra l  Cen s u s  data f rom the Un i t ed S t a t e s  Depa r tment 
of Comme r c e  ( 1 9 7 9 )  re vea l that n a t i ona l l y  2 1 5 fa rms used 
s o l a r  heat ing as t he pr inb i p l e ene rgy s o u r c e  fo r heat ing 
swine bu i l d in g s  in 1 9 7 8 .  A l l o f  t he s e  fa rms we r e  l oca ted 
i n  the No r t h  Cen t ra l  Un i t ed Stat e s , b u t  none we r e  in  Sout h 
D a k o t a .  O n e  h u n d r e d s i x t y- t h r e e f a r m s , a l l  i n  t h e  No r t h  
C e n t r a l R e g i o n ,  r e p o r t e d  u s i n g  s o l a r  e n e r g y  a s  t h e 
p r inc ip l e mean s  of d rying g r a in. No data we r e  a va i l ab l e  
o n  t he n umb e r o f  fa r m s  t ha t u t i l i z e d s o l a r  en e r g y  a s  a 
supp l ement a ry en e rgy source.  
C e n s u s  d a t a  i n d i c a t e  t h a t  t h e r e  a r e a l a r g e  n umb e r  
o f  f a r m s  i n  S o u t h  D a k o t a  w i t h t h e  p o t e n t i a l  t o  u t i l i z e  
so l a r  ene rgy f o r  the app l i ca t i on s  s t ud i ed .  A l mo s t  a l l of 
t h e s e  c r o p  g r o w i n g and hog f a r r ow i n g  o pe r a t i o n s  a r e 
l o c a t e d  i n  a n  a r e a  w i t h  s i m i l a r  c l i ma t i c  c o n d i t i o n s  t o  
t ho se i n  t he s t udy. Sev enty-on e pe r c en t  o f  So u t h  Dakota ' s  
fa rme r s  u s e  L P  gas fo r d rying g ra in w i t h  a n  i n -b in system, 
which i s  pa r t i c u l a r l y we l l  s u i ted to s upp l emen tat i on w i t h  
s o l a r  ene rgy. 
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A typ i ca l ea s t e rn South Dakota coun ty , Moody Coun ty ,  
has 7 8 2  fa rms .  Of t he s e ,  5 8 . 7  pe r c ent ha v e  o v e r 2 0 0  ac r es 
o f  g r a i n  c r o p s , a n d  5 8 . 4  pe r c en t  f a r r ow p i g s . T h e s e  h o g  
p r o d u c e r s  a v e r a g e  a t o t a l o f  2 6 . 5  l i t t e r s  o f  p i g s  d u r i n g  
t h e  w i n t e r  mont h s .  Cen s u s  d a t a  do not ,  howe v e r ,  ind i c a t e  
t h e  n umb e r  o f  f a r m s  t h a t  b o t h  f a r r ow p i g s  a n d  g r ow g r a i n 
c rops.  I t  c a n  g ene ra l l y  b e  a s s umed t ha t  a l mo s t  a l l fa rms 
w h i c h  f a r r ow p i g s  a l s o g r o w  g r a i n  c r o p s ,  a n d  t ha t  t h e r e  
a re a l so o t h e r type s o f  l i v e stoc k fa rms , s uc h  a s  one s  w i t h  
p o u l t r y ,  o n  w h i c h  t h e  S E I - T E S  s y s t em c o u l d  b e  u t i l i z ed .  
Ba s e d  o n  t h e s e a s s umpt i o n s , p e r ha p s  6 5  p e r c en t o f  t h e 
fa rms i n  M o o dy County wo u l d  be ab l e  t o  u t i l i z e  t h e  S E I -TES 
sys t em . 
I t  i s  d i f f i c u l t a n d  b ey o n d  t h e  s c o pe o f  t h i s  s t u dy 
to  ma k e  a n  a c c u r a t e  e s t i ma t e  of  the n umb e r of  p o t e n t i a l 
use r s  tha t  wo u l d f i nd so l a r  ene rgy economi c a l l y feas i b l e ,  
a n d  t o  w h a t d e g r e e . T h e  l a r g e  d i f f e r en c e s  i n  p r e s e n t  
w o r t h  o f  s o l a r  s y s t e m n e t  s a v i n g s  r e a l i z e d i n  t h e  
i n v e s t i g a t i o n o f  t w o  f a rm s  o f  s l i g h t l y  d i f f e r e n t  s i z e s  
i l l u s t r a t e  t h e s e  d i ff i c u l t i es.  Adopt i on o f  s o l a r  ene rgy 
wi l l  depend a l mo s t  ent i r e l y  upon economi c f ea s ib i l i ty .  
I t  mus t  a l so be empha s i z ed that t h e  r e s u l t s  f o und i n  
t h i s  s t ud y  a pp l y  t o  t h e  typ e s  o f  fa r m  a n a l y z ed ,  f o r a 
g i v e n t y p e  o f  c o l l e c t o r a n d  s e t  o f  a pp l i c a t i o n s , i n  o n e  
geog raph i c  a r ea . Re s u l t s o f  econom i c  fea s i b l i l i ty s t ud i es 
in which any o f  these fac to r s  a r e changed c o u l d  d i ffe r .  
CONCLUSIONS 
The fo l l owing conc l us i ons we r e  r eached a s  a r es u l t  
o f  thi s s t udy : 
1 )  The S E I -TES system co l l ec t o r and r ef l e c t o r  can 
b e  comme r c ia l l y  man u f ac t u r ed and so l d  fo r a p r i c e  o f  $ 4 7 3  
and $6 8 2  pe r mod u l e , r espect i v e l y. 
2 )  T h e  d r y i n g  a n d  w a t e r  h e a t i n g  b a s e  c a n b e  
c o n s t r u c t ed f o r  $ 3 1  p e r 2 . 4  me t e r  s e c t i o n ,  a n d  t h e  r o c k  
sto rage ba se mat e r i a l s  c o � t  $ 7 0 pe r 2 . 4  met e r  s ec t i on.  
3 )  F i x e d  i n s t a l l a t i on c o s t s  a r e $ 7 5 6  f o r  wa t e r  
he a t i n g ,  $ 8 7  f o r g r a i n d r y i ng , a nd $ 1 3 0  f o r v en t i l a t i o n 
a i r  hea t i ng .  
4 )  A so l a r  inso l a t ion mod e l wh i c h  i s  bas ed o n  l oca l 
c l o ud i n e s s  d a t a  a n d  c o r r e l a t e s  w e l l  w i t h  a r e a  a v e r a g e  
· m o n t h l y  l e v e l s w a s d e v e l o p e d .  S i m u l a t e d  d a i l y 
t empe r a t u r e s  e x h i b i t mon t h l y  ma x i m ums , m i n i mums a n d  
s tanda rd de v ia t i ons s imi l a r  to a c t ua l t empe r a t u r e  data.  
5 )  S o l a r  c o l l e c t o r p e r f o rma n c e  mo d e l s  p r e d i c t e d  
eff i c i en c i e s  s imi l a r  t o  tho se r epo rted f rom act ua l f i e l d  
t e s t s  o f  the S E I -TE S sys tem. 
6 )  O p t i m a l c o l l e c t o r a r e a  s e l e c t i o n  w a s g r e a t l y  
a f f e c t e d by r e po r t e d s o l a r  l o a d s  a n d  s u b s eq u en t s o l a r  
f r a c t i on s .  C a l c u l a t i o n s  f o r f a r m i l  r e s u l t e d i n  a n  
o p t ima l a r e a  o f  3 7 . 5 m 2 ,  w h i l e  f a rm # 2  r eq u i r ed o n l y  1 8 . 7 
2 M • 
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7 )  N e t  s a v i n g s t o  t he f a r m e r i n  c u r r en t  v a l u e 
do l l a r s r e s u l t ing f r om an opt ima l l y s i z ed c o l l ec to r  we r e  
$ 1 5 1 9  f o r  fa rm # 1  a n d  we r e  $ 2 2  fo r f a rm # 2  unde r expected 
economic cond i t ions.  
8 )  I n c r e a s i n g  t h e f u e l i n f l a t i o n r a t e  f r o m  6 
p e r c e n t  t o  1 4  p e r c e n t  c a u s e d t h e  p r e s e n t  w o r t h  o f  
c o l l e c t o r s a v i n g s  t o  i n c r ea s e  by $ 8 5 6 3  o n  f a rm # 1  a n d  by 
$ 4 2 7 0  o n  f a rm # 2 .  C h a n g i n g  o t he r e c o n om i c  v a r i ab l e s 
r e s u l t ed i n  l e s s  d r ama c i c  c ha n g e s  i n  p r e s en t  w o r t h o f  
co l l ec t o r sa v ing s .  
9 )  I nc r ea s in g  the investmen t  t a x  c r ed i t  a l l owance 
f r om 1 5  p e r c e n t  to 2 5  p e r c en t  r e s u l t e d  i n  a 9 2  p e r c en t  
i n c r e a s e  i n  p r e s e n t  w o r t h  o f  s a v i n g s  f o r f a r m # 1 .  
C h a n g i n g  t h e  d ep r ec i a t i o n m e t ho d  f r om a 1 5  y e a r " o l d " 
s t ra i ght l in e  t o  the new ACRS ( 5  yea r )  d ep r ec ia ti on method 
inc r ea sed p r e sent wo rth of sa v ing s by 1 6 . 8  pe r c en t .  
1 0 )  G ra in d rying a n d  v en t i l a tion a i r  heat ing a l one 
w e r e  n o t  e c o n o m i c a l l y f e a s i b l e  u n d e r  b a s e  c a s e  
a s s umpt i o n s . 
1 1 )  Us i n g  a dampe r and d i ffe r ent i a l  t h e rmo s ta t  when 
h e a t i ng v en t i l a t i on a i r  i n c r e a s e d  t h e  p r e s en t  w o r t h  o f  
sav in g s  by 2 pe r c en t  on fa rm t l ,  but dec r ea s ed the p r esent 
wo r t h  of  sa v ing s on fa rm i 2 .  
1 2 )  A l though ana l ys i s  of  two " a v e r ag e "  e a s t e rn South 
Dak ota fa rms shows tha t a manufac t u r ed v e r s i on o f  the SEI -
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T E S  sy s t e m  c a n  b e  e c o n om i c a l l y f e a s i b l e , w i d e s p r e a d  
adopt i on mi ght be hampe red b y  the r e l a t i v e l y  sma l l deg r ee 
o f  s a v i n g s  a n d  t h e  r i s k d u e  t o  u n c e r t a i n t y  i n  t h e  b a s e  
case a s s umpt i o n s .  
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APPENDIX A :  P ROGRAM FLOWCHARTS 
CLIMATIC MODEL 




















Use random number generat� to as s ign cloudiness factor . 
Calculate daily minimum and maximum temperatures . 







Calculate hourly outs ide temperatures . 
Calculate hourly so lar angles . 
Calculate hourly direct inso lation on horizontal , on 
60 degree collector surface , and diffus e  radiation . 
Output hourly insolation and temperature t o  d is k .  
1 1 9  
SOLAR FRACTION MODEL 
Input farm energy us e 
Def ine collector area to b e  cons idered . 
S elect solar ener y us e  to cons ider . 
For each 
use cons idered . 
Go to Gra in Dry ing S ubrout ine . 
Go to Venti lat ion Air H eating 
S ub routine . 
Go to Water Heating S ub routine . 
Aft er all uses have 
b een cons idered . 
S eas onal so lar energy s upplied 
S o lar Fraction (f (area) ) •  S easonal so lar ene rgy required 
area · 
Sys tem - ef f iciency• S olar energy supplied 
S o lar energy availab le 










GRAIN DRYING SUBROUTINE 
Input beginning and ending Julian day number . 
Read hourly temperature and solar ins olat ion data . 
Calculate �ourly collector output temp erature and 
energy us ing grain drying performance equations . 
Calculate daily g�ain drying energy us e from ac tual 
farm data . 
daily energy 
supplied > daily 
required? 
Y es 
Daily energy supp lied = 
daily energy required . 
No 
Sum daily totals of energy required and 
energy s upp lied by the solar sys t em .  
Go to next solar energy use .  





VENTILATION AIR HEATING SUBROUTINE 
Input beginning and ending Julian day number . 
Read hourly temperature and solar insolation data . 
Calculate collector output temperature us ing linear 
erformance equat ions . 
Calculate sys tem output temperature and energy us ing 
rock s to ra e rediction model . 
1 2 2 






Hourly energy supplied � 
hourly energy required . 
No 
Sum hourly totals of energy required and energy 
supplied by the s olar sys tem . I 
I- ­
I _ _  
Go to next solar energy us e .  
12 3 
WATER HEATING SUBROUTINE 
Input b eginning and ending Julian day numb er .  j 
.... 
and solar inso lat ion data . j .. 1 Read hourly temperature 
J, 
Calculate hourly collector output temperature and 
energy trans fered to water using water heating 
performance equation . 
! -
Calculate daily hot water energy use from actual 
farm es timates . 
�� 
Is 
daily energy No 
supp lied > daily 
energy required?  
Y es 
·� 
Daily energy supp lied = 
daily energy required . 
�· 
S um  daily to tals of energy required and 
energy supp lied by the s olar sys t em . 
I 
L - -
Next day . } 









1 2 4  
ECONOMI C PRESENT WORTH MODEL 
Input solar frac tion data for each use cons idered . 
Calculate 
For each area considered . 
Calculate the pres ent worth o f  eaCh cash flow cons idered . 
Calculate total present worth of energy cos ts . 
P resent worth of net s avings • P resent 
worth of no-solar energy cos ts - P resent 
worth of energy cos ts with s olar . 
Op timal collector area = Area with 
maximum present worth. of net s av ings . 
APPENDIX B :  ECONOMIC P RE S ENT WORTH MODEL 
PROGRAM LIS TING 
12 5 
1 2 6 
Economic P resent Worth Program Lis ting 
10 REI\1 -P RO CRAH I S  U S ED '!'0 CALCU LAT E ·r a r:  P P.E S I..; i� -1' - • J F:.i - J.l 0 t' 1\. 
S OLAR S YS T E�1 CA SH r' LOW 
20 P RI N T E R  I S  7 0 1 
J 0 o I t•l D r  f r a ( 1 3  ) , Vh f r a ( 1 3  ) , �'1 h !  r a ( l J ) , C 2 ( 1 J ) 
4 U  D I M C pw ( 1 3 ) , S a v s ( l 3 ) 
SO REH- I N P u T S OL A R  F RAC1!' I O N  DATA F O P.  EACii u S C  CJr·J S I D L t : 6 u  A 
ND F O R  EACH- AREA 
6 0  RE H - I N P U'l, C O S T  P ER UN I •r AREA D A I' A  
7 0  RE�l - I N P U·r iJAR I ABLES RC Q U I H.E D : D RF RA , V HF l-� , �� H F i'-A , C �  
cs o  ! 
9 0  REM- I NP UT VAR I O US E CONOMI C V AR I A BL ES 
lO U D I S P  " S YS T EM S A S E  COST ( $ ) ? " ; 
1 1 0  I NP U T  C 1  
. 
1 2 0  D I Z P  " COL LECTOR AREk F I RST C O S T  ( $ /S Q . F T . ) i " :  
1 3 0 I N P u T  C 2  
1 4 0  O I S P  " COLLECTOR OP P E RAT I N G COST ( $ / S \.l . F 'l1 . / Y f� ) ? " ; 
1 5 0  I NP U T CJ 
16 0 D I S P  
11 TOTAL D R Y! NG L OAD ( :·lli 'I' U ) ? " : 
1 7 0  ! �P U T  L l  
1 B U  D I S P  " '£0TAL V EN T . HEA'f i N G  LOAD ( lYid 'ru ) ? " ; 
1 9 0  I NP U �  L 2  
2 0 0  D I ;;i P  " ·rOT AL �-iAT E R  H EAT I N G  LOAD ( HB 'l'U ) ? " : 
2 1 0  I NP U T  L 3  
2 2 0 D I S P  " �1A I H T EilAi.i C E  cos·r ( $/ 3 � . r'·f . / i h ) '? " ;  
2 3 0 · I �J P U T  C 4  
2 4 0  D I S P " P R ES e N T  .t:> RO P A i.� £ P R I CE ( �� �·18 ;ru ) ? " : 
2 5 0  I N P U T  C S  
2 6 0  � I S P  " P R E S� N T  EL=CT . P R I C E ( S/ M2 TU ) ? " ; 
2 7 0  I NJ?U'£ C 6  
2 8 U  O I S P  " HEAT ER E F F I C I E � C Y ? " :  
2 9 0  I :� f> U T  E 
3 0 0  D I 3 P  " EL E CT R I CAL HEAT ER E F F . ? " ;  
3 1 0  I N P U T  El 
32 0 D I S P  " ANN UAL D I SC O UNT RAT E ? " :  
3 3 0  I NP U T D 
3 4 0  D I S P  " G C N E RA L  I N F LAT I O N  RA'r E? " ;  
3 5 0  I N P u ·r G 
3 6 0  u i S P  " AN N UAL I NS U RA.LJC E  RA·r E ? " ;  
3 7 0  I NP lJ '!' H 
3 3 0  0 I .S P  " t-10 RTGAG E I �� ·I'E HES ·f RA·r.c? " :  
3 9 0  I t� P J 'r I 
4 U u  0 I S P  11 D E PR E C I AT I v iJ L I F' ET I HE ( Y h� ) ? " ;  
4 1 0  I N P U'r K 
4 2 0  u ! .;) P  " ii.lO RTGAGE J?E R L Ou ( YF�S ) ? " ; 
4 3 u  r N ?  u ·r r·1 
4 4 u  .J I � P " P ER I O D U F  E C O N O t1 I C  ANAL Y S I J  ( i l<G ) ? " ; 
4 5 \J  I N P u·r N 
4 6 0  
4 7 0  
4 8 0 
4 90 
5 0 0 
5 1 0  
52 0 
5 3 0  
5 4 0  
5 5 0  
5 6 0 
5 7 0  
s a o 
5 9 0  
6 0 0  
6 1 0  
6 2 0  
6 3U 
6 4 0  
6 5 0 
6 6 0  
6 7 0  
6 8 0  
6 9 0 
7 00 
7 1 0  
7 2 0 
7 3 0  
7 4 u 
7 5 0  
7 o o 
7 7 0 
7 8 0 
7 9 u 
8 0 0  
tl l O  
8 2 0 
a J u 
8 4 1.) 
8 5 0 
3 6 U 
8 1  
cs 7 0  
8 <;� 0  
8 9 0  
9 u u  
9 .i u 
D I S P " P RO P E R� Y  TA X RAT E ( % ) ? u ; 
I N P U l' P l  
D I .:JP " F U E L I NF LAT I O N  RA'r E ? •• ; 
I NP U T Rl 
D I SJ? " t1A I N'£EN ENCE I N F LA;r i ON RAT E ? 11 ; 
I NP UT R 2  
D I SP " OP l? ERAT I NG COS'!' I NF LAT I O N ?  •• ; 
I l�P UT R3 
D I SP " I NC OME T A X  RAT E ? " ; 
I HP UT T 
D I SP " DOWN PAYHEN T  A S  A F RAC'r i O N  O F  E' I R G ·r C O S'f ? 11 ; 
I N.t- UT 8 1  
D I SP " I NV EST!V!ENT TAX CRE D I 'l' F RACT I ON ? " ;  
I NP.uT B 2  
D I SP " F RACT I O NAL SAL VAGE V AL U E ? " ; 
I N P U'l' B 3  
RE M -� AR I AB L E S  PRI NTED O UT 
D I SP 11 DO YO U WAN'r ·ro PRI N T  V A H I A 3L E S ?  ( 'f. /�� } 11 ; 
I N P U T  An s $  
I F  A n s S = '• N "  'I'.dEN GOTO 930 
P R I  N 'l' u OPERAT I NG CO S'r ( $ / S Q . F 'r . / l H. )  = 11 : C.J 
PRI NT " MA I N T EN ENCE C O ST = { $ / S � . F T . /Y R ) = 11 ; C 4 
P R I  �1T " PROP Al.'i E C O ST ( $ /£-tu ·ru ) = •• : C S 
PRI NT " ELECT . COST ( $/MB TU ) z " ; C 6 
P RI NT " 2ROP AN E HEAT E R  E F F . = " ; E  
P R I N T  11 ELECT . H EAT I £� G  E t· F . = " ; E l 
J? R I N ·r " ANN UAL D I SCOUNT RAT E = " : J 
P R I NT " G EN E RAL I UF LA'I' I O N  RA·J:' £ = 11 ; (; 
P RI N ·r " I N SU FAI.'l C E  RATE = " ; H  
J? Rl N 'l'  
P RI N 'I' 
P RI N 'l' 
P RI t� rl' 
P R I  I� 'i' 
P RI N T  
P R I N ·.r 
.P R i r ,n· 
PRI U'i' 
•• t-tO R'l'GAG E � �� 'l' E RE S T  RA'r � = ·· ; I 
O E P RE C I A'l' I O tl .L I F i: ·r i �·1E ( YRS ) = 11 ; ;.>;. 
iJlORl'�A� C i' EH I O �  ( Y.R.S ) = II ; � l 
P E R I OD O t' E COi�O:-.l i C ANAL Y S I �  ( YTS ) = " ; I� 
P ROP E RT Y  TA X R A r E  ( % ) = " ; P l 
� U EL I NF LAT I ON RA� B = " ; R l 
� lA I NT SN E:i 2 E  I N F  LA'l' I OLJ RA'.l' L = II ;  1-� 2 
OPP E .GAT I N G  CO S·r I t l F LA.l' l .Jt� = 11 ; ? 3  
I NCGHE TA � llA'l' 8 = •• ; T 
P R I N T  D O�·-; :-J P AY!·lEN 1' AS A � RAC .i' l -...H� O F  .t: l r�S '.f CO · l. :: " ; 
P R I  N 'r 11 I t� V ES'l'�1 Eii '.i' 'l'A X 2 R 8 u  I '.'-' F �ACT I ("i l.J = " ; ::5 2  
P R I :: J 'r " ·f O TAL D R YI N G  L OAlJ ( J T U )  = ·• ; L l  
P R I N 'l' " TO TAL V EiJ T . rt 8A T l �� �  L OA u  ( J r ..., ) = •• ; L 2 
PR I N ·r 11 '£0 TAL �-�A'l' L: R H £ A'l' l i] G L O A D  ( 3 'l' U ) = " ; L j  
1 2 7 
9 2 0  REM- � RE S E a T  �ORTri FACTORS CALCU LA£ £ �  
9 J u  
9 4 0  I F  D < > G  THE N  Q 1 = ( ( 1+ D ) ... N - ( 1+� )  ... � ) / ( ( 1+ 0 ) ... N * ( D - G ) ) 
� 5 0 I F  D =G T H E N  Q 1 = � / ( 1+G ) 
9 6 0 I F  D < > O  T il E N  Q 2 = ( ( 1+ D ) ... M - l ) / ( { l+D )  ... M * D )  
9 7 0  I F  D = O THE N U 2 =M 
9 ij Q  I F  I < > O  T HE N  Q 3 = ( { 1+ I )  ... M - 1 ) / ( ( l+ I ) AM * ! ) 
9 9 0  I F  I =O THEN Q J =M 
l O U O  I F  D < > I  T HEN Q4 = ( ( 1+ 0 ) " tvt - ( 1+ I ) "L,1 ) / ( ( l+ D ) "�·l* ( D - I ) ) 
10 1 0  I F  D = I  T H E �  J 4 =M/ ( I + 1 )  
10 2 0  I F  I < > O  r HEN Q S = ( l - ( l + I ) "M ) / ( - I ) 
1 0 3 0  I F  I = O THEN Q S =M/ ( 1+ ! )  
10 4 0  I F  D < > O  T HEN Q 6 = ( ( 1+ D ) " K - 1 ) / ( ( 1+ D } ... K * O )  
1 0  5 0  I F  D = O  '!'HEN Q 6 = K  
1 0 6 0  I F  O< > R J  THEN Q 7 = ( ( 1+ D ) " N - ( 1+ R 3 )  ... N ) / ( ( 1+ D ) " N * ( D -R � ) )  
1 0 7 0  I F  D =RJ THEN Q 7 =N / ( 1+ R3 ) 
1 0 8 0  I F  O < > R 2 THEN Q8 = ( ( �+ D ) " N - ( 1+ R 2 )  ... N ) / (  ( 1 + D ) " N * ( D -R 2 ) } 
1 0 9 0  I F  O =R2 � HEW Q 8 = N/ ( 1+ R 2 )  
1 1 0 0 I F  D < > Rl THEN Q 9= ( ( 1+ D ) "N - ( 1+R 1 )  AN ) / ( ( l+ D ) " N * ( D -R l ) ) 
1 1 1 0 I F  D =R 1  THEN Q 9= N/ ( 1+ R l ) 
1 1 2 0  C 1= 0  
1 1 3 0  
1 1 4 \J REi·l-P RE3 E t� ·r \wO RTH O F  VARI O US A REA S COr� S I D C R t: D  
1 1 5 0  F O R  A 2 =U � 0  1 J  
1 1 6 0 A r e a = 1 0 0 . d * A 2  
1 1 7 0  REL�l-EACH SE PARtVf E CAS H  F LO\-J COi�S I u E RE D  
118 0 A 1 =C 1+A r e a * C 2 ( A 2 ) 
1 1 9 0  REM-DO W N P A YMEN 'l' 
1 2 0 0  D w np a y =A 1 *B l  
1 2 1 0  R£M-P W O F  I NTEREST P A �HE N T S  
1 2 2 0  P w in t =A 1 * ( 1 -B 1 ) * ( ( Q 2 / Q 3 ) - ( � 4/ Q 5 } )  
1 2 30 REM-PW O F  P RI NC I P L E  PAYMEN TS 
1 2 4 0  P r in =A 1 * ( 1 - B 1 ) * ( J 4 / Q 5 ) 
1 2 5 U RElt-fJ\-J O F  O P E P.AT I N G  C O S :rs 
1 2 6 0  Ope r =A r e a * C 3 * Q7 
1 2  7 0  R E H-Pv� O F  1>'1A I H 'r EN AN C E  C O S T S  
1 2 8 0 M a in t =Ar e a * C 4 * J 3  
1 2  9 0  REf.-1-P�; O F  FU EL CO ST:> 
1 3 0 0  D r f ue 1 = ( l - D r f r a ( A 2 ) ) * L 1 * ( C 5/ 8 ) * U � 
1 3 1 0  Vh £ ue l = ( 1 - V h f r a ( A2 ) ) * L 2 * ( C S/ C ) * Q � 
1 3 2 0 � n i ue l = ( l - h h f t a ( A 2 ) ) * L 3 * ( C 5 / C l ) * U 9  
1 3 3 0  F ue 1 =D r i ue 1 + Vh � u e 1 +W h f ue 1  
1 3 4 0  RE i·i-PW O f'  I NS U RAN CE C O STS 
1 3 5 0  P w in s =A 1 * H * Q l  
1 3 6 0 RBM -P � OF P ROP ERT Y TA X P A YM E � �S 
1 3 7 0 P r op =A 1 * Pl* � 1 
1 3iHJ R£H- P V'l O F  I N\1 ES·r�-lE.:� T T.i\X C R t;D I 'r 
1 3 9 J  rx c r =A 1 * 3 2  
1 4 U O RE t:l = PW O F  SAL V AG E  V AL U E ( I F APPL I CA J L E ) 
1 4 1 0 S a1 =A l * B 3 * ( ( l +G ) I ( 1 + 0 ) " tn 
1 2 8 
1 4 20 REM-PW O F  TAX CRE D I T D U E  TU D E PRB C I AT l ON 
1 4 30 D ep = ( ( A 1 * ( 1 - B J } ) / K ) * Q 6  
14 4 0  RCi•1-PW O F  I NCOHE ·rA X  DED U CT I ONS 
14 5 0  T x d e u =T * ( Pw i n t +P r o9 +P w i n s+O e p+O pe r +M a i n t+F u c l ) 
14 6 u R£ H-,rOT AL OF ALL P �·i C O S 1' S  
12 9 
1 4 7 0  C pw ( A 2 ) = 0w n p a y+ P w i n t+ P r in+N a i n t +O pe r +P w i n s + P r op +f uc .1. 
-·r x d  e d -T x c r  -s a l  
14 8 0  RE M-PRE S EN T  WORTH O F  N ET SA V I � GS CALCU LA � �D 
14 9 0  3 a v s ( A2 ) =Cpw ( O ) -C pw ( A 2 )  
1 5 0 0  I F  Cl=� T ri� N  C 1= 9 7 . J 0 
1 5 10 O UTP �T 7 0 1 U S I NG 1 5 3 0 : S av s ( A 2 )  
15 2 0  I i·lAG E  2X , D D DCU . D O 
1 5 3 0  N E XT A 2  
1 5 4 0  
1 5 5 0  
1 5 6 u  
1 5 7 0. 
1 5 d U 
1 5 9 0  
1 6 0 0  
1 6 1 0  
1 6 2 0  
16 30 
1 6 4 0  
1 6 5 0  
1 6 6 J 
16 7 U  
1 6 i3 u 
16 9 U  
1 7 0 0  
1 7 1 0 
1 7 2 0 
REM -� RI NT PRES ENT WO RTJ O F  CAS ri  i L 0�� 
D I ;:).i? " .i? R I N 'l' ?l:E.S E N 'l' � JORTH VALU ES ? ( Y / N ) 1 1  i 
I N P UT A ns S  
I F  A n s$ = " N " THEN 
P R I !.I'I' " P W OF 
PRI �'l·r Pvl O F  
P R I NT 
P R I N T 
P R I N'.I' 
P R I UT 
P R I N'l, 
P R I H ·r 
P R I .N'l' 
PR I H'l' 
PR I NI' 
Rs ·rU RN 





P�·i O F  
P w  O F  
P �� O F  
P\·-l O F  
P W  OF 
t> W  OF 
GO TO 1 7 1 0  
DO�vN P AYt-!E�l ·r = " : O wn p a y  
I N 'I'E RE3 '1' P A Y t-t £ N  I S = "  ; .l? w  i n  t 
P RI � C I ? L �  f AY� E � TS = " : P r in 
O P CRAT I N G C O S T G = " ; 0 �e r 
nA I �� 'l,ENAr� CE c o s ·:r s = "  : i la in t 
F 0 �L COST S = " ; F ue l  
I i.� SU RAl� C E  C O S'r � = " : P w i n s  
P ROP E R'I' Y TA X P AYHE U 'l'S = " ; r> r  OD 
I t� V E.3T�1E N T ·rA X CRE ;J I l' = " : '£x c r  
SAL VAG� VAL u E = " : S a l  
TAX C R E D I T  F OR O E P . = " : De p  
I iJ COl'1E TAX D E O UCT I O£J J = "  : ·r x d eo 
APPENDIX C :  VENTILATION AIR HEATING 
ENERGY US E DATA 
1 3 0  
1 3 1 
Ven t i l a t ion ai r heat ing ene r gy us e d a t a  f o r  Fa rm # 1 . 
Wal ls : Ven t i l a t ion Ra t e= ----1'*"""'�• 
1 1 . 4  m 3 / min 
R= 2 .  5 m2oc ;w 
Area= 9 5 . 2  m2 
4 rows wi th 5 c r a t es p e r  row 
P erime ter w 39 m 
Cap a c i ty : 20 s ows . 
Fuel us e d : p r op ane and e l e c t ri c  h e a t  l amp s . 
C onduc t io n  h e a t  los s : 2 60 . 9  W / m2 . 
S ens ib le he at p roduced : 2 . 6 5 kW . 
Ven t i l a t ion h e a t  los s : 8 2 1 . 5  W / m2 . 
B u i l d ing d imen t ions : 1 2 . 2m x 7 . 3m x 2 . 4m .  
Wa l l  comp o s i t ion : 2 . 5 cm s o l i d w o o d , 8 . 9 cm f ib e r g las s  i ns u la t ion , 
p las t i c  vapo r b arr ie r , and 1 . 2 7 cm p lywood . 
Ven t ila t io n  a i r  h e a t ing energy use d a t a  fo r Fa rm # 2 . 
�.Jal l s : 
R= 3 . 3 5 m2 oc ;w 
Ar e a= 1 0 2 . 6  m2 
1 2  c ra t es 
. ·• � .,.. � . . � -•.. · - - .  · .... · :- � -; . ·  
P er ime t er- 4 2 . 1  m 
Cap ac i ty : 1 2  s ows . 
R= 0 . 2 6 m2 oc ;w 
� - . --.- . 
Fuel us e d : p ropane and e l ec t r i c  h e a t  lamp s . 
Conduc t io n  h ea t  l o s s : 1 8 3 . 4  w ; oc .  
S ens ib l e  -h e a t  p roduced : 1 .  5 9  kW . 
Vent i la t io n  h e a t  l os s : 49 3 . 1 W/ ° C . 
B u i ld ing d imen t ions : 1 3 . 7m x 7 . 3m x 2 . 4m . 
�a l l  c omp o s i t io n : s h e e t me t a l , 1 5 2 cm f ib e r g la s s  ins ula t ion , 
� las t i c vapo r b a r r ier , and 1 . 2 7 cm p lywoo d . 
1 3 2  
